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Preface to the Persian Edition 

It was with great pleasure that I learned that this text book would bo 
translated into the Persian language. The book is now available in En¬ 
glish, Japanese, Korean, Polish, Italian, Chinese, and Persian. I hope 
that readers of the Persian language find my efforts in writing this book 
were worthwhile. My thanks to Prof. Ali Meghdari and his students for 
this translation. 

John J. Craig 
August, 1992 
California, USA 
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..xzS^jA c^jJja i C -w I jj-b j I jUly*. 

<( ^ ” ^ ( J-$>~^) C^x/I 4llt (J Ia\S \ ^ A° 4A3 J[j! (jl^JL L AmoUu jj i^-jL Jj jjjL Jui j 4>- ^ I 

Ijb \j 3^> y> !-£jJ jj;J^ jj^A (yA—tf (_^L^jLj^ jl o^LCwI (jl^-o ji 

45 * ^j^yj *Aj L J^-iL ^*\S ^ - - j ‘i_j*~~ ’ Cri) I j J . J zS^a 

.ijj X-fcl^*- jDJj L* C ju^ j 3 4j ^ JL>* jA J J t^lju— £ > 

itj C-J^ 4? *i^j\j$^ J *iL-r 1". ..>«»> j 3 ^vLt I iM x> # jj^*i 

h ....» {J}\aj\S |»1<^vJ ^ A A° aaj j} 4$ \j c-^ai |^ jjjl T” \ o ^ Lu .«< I <x1mJ 

*Iaj tC^-1 1 rC >I L*Lj^ aJww^4j «^-lrlij .iJj^« JIal*I .*L* jl JujL* 

iS^.Jj \W° AA-> j> £ (J^LTTi cA^V J* JA j!/JA~ 

Lf^*" ^T’A^ 4$* «jll>^ XjL* ^IajIS" j3 ^ 

• Al A j ly ft J 1 a~.^ I Ji* -i y — ■5' jy& Aj i >J I 



















r 

‘■^LT 4 (j\j> aS{S^— t CS^I-IL *$ - XA3 LT 4 jsr* ^ ^ 

jl 45" *(jjLwjj ^ .xS jm* <jj j^^yk JSaa \j *$ -Li j^I^>- 

L jl5jkHT ».^li “ ..iI jXj7 (lUuI 4ii^jl5<o (_j4* l^Lj^ N 

. 3 J 3 x &!_^ ^L j3 l >^u> -Lij ^U «JuL* jsA)jp>- 

L£jj^ LT^ Jj j| Ji-i L^ y'^ ' fr 4 JLr-^ J ■*£-.!l£* ^ [f <>-_y iuyllS* 

*—-'■^ w>- ULi ^ t ; L jj aSLj! j~i j. Li Lc *X£yk lJjIiit * j &La 

jU-i 4* a ' > * - _ -* 1 * 1 ®-xo ^“ \ J^-i 4^uI ^>L^jblSvL«i 

•Styly^j fi-L-^b y > ..tf oL C) \Js^u\j\*jjt (^l^ v_ -- i L* 4^1 JU 

C?!t! U[; I . L-*** L^l j**. of^r -4 L-ijlL 

.^_y oljj lS* 4 L i. y j jl *ilLL»-l 1 ^^5" j# j«uli^ yC-jx* jLj JL*eJ |»U^I 

«c-uL ji^Lc ti^u Cwjj L» jU ^Uol ijlj, jj £+ * *S 

jJ (jL-Sj H ..S ^\y\ 4$ JiltfUL jJjI—^4 ,^tS £y_ I j J ft-Li £^ia-4 c-Jlia-4 JX «.j >£>yly* {j~*JJl 

Lfl--iU jiL j oLjj Ul>l jJ • JJ^ ur^ * J '-kx'ij' 4 ^1 -L 4-4 ijy (j£ 1 1*4 

•- Li cr-JJi 

‘C-—J cjUjjl; Jj^Sj (SjIS~* i*JLL« j <£ij [«-» ux> 



■ 6 -L>! ji ISsj^I p_ L ^> At iZjL^j J Ltf ^ i t* \ 











t 



J 1 J-“- J— L ' VV * tfjjL *" ' J^- 

.Jjfo ^JtJ^ &'****• 

jLJ««— 1 £ «>&■* < ■•-4 1 * »- & •«^jjflik4_^*j jl o^^llp j) <_>U 

aUb^i OLitft j .JZS^jA 4jl^l ,^Sw*L*i J ^£wll—I AaJLcX^ |j 

p*j/ .J>U ijy )l ^1^- ^.L. y ^La* ol^ u a , . ^ 

■Wi/ f»*L>* ‘r'^^ I* <“£>* j^ 3 -* *. i ji^jji 3 u^U® uU L» 

JjJ* u- « ">’ if!/ 1» J~“* J —» L x J ‘!/ 3 '(3^! L»— l ~fr* jj** 

*^“* *jy jy*~* *i ’l+Lju irJ tJjij^S- <^U jxy *j ,i ./>'i_r 4 

•*> !/ 

^»X La 1^*4 Lx ^ j L J j -.* S J 1^4 X ~ \ 

#JLL r^-* iI*o*L* jl j* y Ol>>^Aia. rf» i [j*’/, if ^ ‘*‘*V 

.JkJl JUb l^>» • .s!.} ^j— a«4?^»> jy* 4 * •*—»1*5" 

^r^4>- J jl^* 

^<1 C5^V *—• I ^y < -—^ A ^^ a-§ 

L^>1 L ^L* [Jy}\* *S cij!/l J «~*l*^** ifjj^ 1$|^ /1—»► I 

I Cincinnati Mil.icron 776 





W (^^ a - w j* «(l—*■! (j*J *X-lL jjL j\S isu^< jj *y?y |*L—>■! j^Lw L ^ lijl^ jli^j—. 

LTti ^ \j^T^y ^"rr^ •lSLc^-+^ } j&* '■^J~‘i_r“ Crr*' ■‘- a '*-~‘ ji L *C~^I j< 
OLi^: ji j jLU [i [+ : ..* !> (Jjl jl ^LL* c—.I (j-iju _r* jl 

■piAx* (j~=lij 

(j U-J L-^Z^-4 fi L$J—i $ *J 1' LjaJ ^^ {_gj - ^-~ ^'*- ^ j 1^4* i^SL*~£3y jjll. 4 <l» 

(>J J j^“* ‘-j^>> *; a-7^ ■F7^iS‘ <S~^“ ± \j 

■ ( 1 *_ *■;■;•; {j ^ tl-s^ ^-A j y>- ^»-jA C-i L aL^ 4 #1^1—Ai c„ i 

J jLj L?[/ J - i j^LT* l» • l^vl J >_ > 1.«g ~ 4 > v« el^lw-5 -iS” bvl jl 

(_ylA4.^a ^ .»■-* ^_y j * j **-> L Ai Jll^4<ti^x Lite t$jt j\Sdj i£j ■ ^ |'■- 

<j\s. fft fAj- 5 ^ J—** j* -(Tr—* ^ ^ 

o ^l^Alii-,-5 4 j Cj~ J ^ ^yy i —^ Ijj j jl£~4 k_Ju^3^r 

‘“ - **'“! OJr^y* 


J 

aJIL- 4 (jl S^jjJ lt**^ 






<^UjJuj jl jTjIL S-J 4 JS) it^Li "-^r 1 p^ j 3 

cfl*ijL ti-jLLw- 4 JLL 1 jj uljl (j—jj; *(A: 3 j^- 4 v* b j^*j * '■ • 1 

•^IX* ^y.J* ) <J~' XM LT 4 ^" *! 

.(jA^LaL. IL a5" Si J.5U; l~— : tfbfkjjj jl (^j'^ 4 cfl^iSb 

"iyuiA 1^LU« ^p! .XlUL JLaJl^j-^i *>. cS^ l> jSy t/r*-* ^ 

.Xj^AAA UjLi^ Jjjjli-il \j j_)Uw (^Lfr^.b (_J—~ i j^" 4 4^1 j^" 4 (^La4~uL~»- 4; 

^,1. <v * u^}jj i i Lj-iU-A-U- cXJtL b £y jl If*- 414 - 4 ^ tr^ j 3 

^U-ajU- Lflji *Si£j U (j-ijii if!(L j4« ._,aL. c*l*jjb jl uKx •- u - , ^(_r 4 

. jL.1^ jJ ^jLuaiA ol^ul I; ul "^-1 J^l £> jl '^“ib <lci ur*”* 
ij I3£~~4 ,_yl$v. (j[ajJua jUljl c~J OjLc ijaU t^ 3 b^ 3 I J, * : 

^1 ,£j£ ^y^jlS-A t_$l-fr ~ -»,■■-» US^ _j ;>;*< (j\j> -^.b 

i-S- <^b^ 3 I+ 4 '(-fl 4 ^- 4 <J-^.(S S. , '^—‘ -^Uif 4 *i (j?'^-‘ v* (j\j>. '-*—1 

i^^X—o li» j 3 b^T jl .(xiS^* ^Sy y ‘ t -‘ *|*jr'^ 1 j 3 tf 3 bl 

i_Sw L "i>*AA J~oi* y* j >c~il jb jd'yj S. v*'- 4 (j^^ 4 

.i^ji J*l_ji- jilji 1|1 pin iljjt L (_jil_jl oU-j-i ^Ia*i »i^-' l j- 4 « : ■ r -y j***- 4 

.ijbjly (jiU 3 Lfyv u^r*^ 4 LiU^.b j^yj 3 b^ cf^-’lj 3 

,SS±* L tjJ j:I b'^ <jy>* ^JJtr 4 jl ^ 

\j ^L. i^jL jti-« ^JS j_jb 4 .jJiL S* <Jj\y) b 3 lS^.jS 

4.L 4 aS <*;>b 4 c~—; <c~-l J~aU ujLj; LJ^rV 4 j 4^ .jtyl |-V^>_y b 

■ (^■^ J^) (^Lr 4 clKs* '^l 3 J^- 

.c-w.11».a:—4 iL_*._^L« iJliuI—■! jb—*; 

cfjjb ijiU' (-Jyv 4 ^'~'* f*b j 3 |4 ^—* uil 

ii:;__ ,JuiL eJ-i «ib iyJLaA-« 4,_)jj 4Lwi t_^ 4^L»- ‘yiji Jjb * .C»—I ^aL* 

4> — ]j\j) ujS-i>- i j^ 4 jl '-~^l '- j jb- c 'p / * '— 4 'S- l ^-t—' 

(jl 4 L-ii» jl ykb (_sjjL (_y^Lj j ~.*j il; 4L * ....< ^1 -*b 

.XZ, 'I* J-^>» J* 4 ^ - * t>l *jbj 3 -f^Lf 4 -ct* 4 (J^J^ 3 

^LJISL. <_fl>jjjb 

qS de-^T 4 ^ - — * i>J ■'-~*s‘ |rylj* S J 3 b jj^lj 'SS—?~‘ ^— 4 J-^* v 3 

US' .JlSL 4 j_S iib y>U LJjjL ^Lf Uyy LSjS-yr J '-^v* 

4 ./*!■» t_Sjjb tj (j\j> Jill yij* ^ b (j^ 4 Lf^-^ AM t^bljj (_fL*4£-_yw^l 

ijx L jj - —» jA fr j -iJ* •-> L Ui j> jlS< <jl ■‘S —I iyj^ J i^U* jl j^U. 



V j>\a j 



jl ^1: JjL fc c.-' [) jljjl 

‘ a „ ' y j rtl« 

(^kl * » »« jjl .(JuImJ |^ V-N J^i) JCi’ 4, L dku j|^i » jlftl — J _j 

.d^wl ^jkL* ^fwl*vl 

jj> .CA^tei p ^ . A.«««4 C^miLumu/ u^lL/ 4 j C^^IaL-j ^ i ^**w * 

J* } *A^ < £-~i O jy-0+i *^*1 ^^* * 

■C^»<I j> ^jy j~* *->\yr l> ^ -C^wl 

Jjklji- £j+*.• \j ^L (_jj^jt j* iSj^ ^Liai |>-Xt L 

1 ■* ^ jAc, |T>- J ^)l^4 4^ J>* \y {_y^ 4$ «—jj^>* jJ I 

.Cwl »J*W £*1} (_£ j\£ j) £yl»- jh lj*j 1 J^L CwJ 

J?l jj i^^jLLwI 

J j^ 4 u^r J ^~*'l _;jyt~J 4; ]oy j* (JjL—■ o>*^ *-'* r \ f. ‘i^- 

’f t ^ Jr^ j? '~^j > ~ J^ J* l> 

J>U L ^'l^ LiA^ (jijf^J LriJ*^* ^ l» (j**^>^* "^J- Jr^’ L«U c "l J-+ 

<^Loi 4; (ji-ai* (jLii jl .Lj^- jl a '..?il^’ » ‘-^Lf 4 * J ? 4 * : 

--CS^ ^-—A> 1^-4 (_£jjL j£~Aj L lOwl^J ^ | C^A^Jj .(A - \ C^wl ^1jlSi 

aJ;J; ,^>1 <Sji .£~J jjyl} <^-*li ( jA l) tf i 4^ '(_f~** J- 5 ^1 













• Aj l - ^ *— ij*l* (_^Laj^jL jl ^jL $j*sS ftj l j " ....l j 

jl£ **bj l c~J |»j"i XL iXjSij*.', c~£j>- La» ji <. t . _ ..» j*L (_jl>jjL 

ji J X~~« (jJL»- lle*^ _P •■ ) -i^" J jb J (-^JLij' iJ > J J-jJ" Ij^ (^L*J (jjX *■ Li ■■ L 

tsbi aAj jjL^SjIjL. 4 *. j^wL; _4d j jjj jj_j, L 

T^(J-* [> Lrlj^ *j^J j u—'Ji Cx) ^ J- 5 ^ £-'1; ljU - j j; jL* J jy LfJ 

u-^u^Lut 

4aJUu jj_y* c^Sjj* *Xj_jI jl ji a$ c~-l *—5s-JLS-» jl (_}|4^L^ uX^aLja 

'-Xr*‘ *! •X-!>il >- r ->L~i L jjSuu JU- jl I; ^aL* (jiw&A (_fjjL <X 4^jl (_jJj .XjStj* jl/* 
I_.t_i L [i jl fX'lr- j ‘(rr-^v fjlj* I_f;l+ Lf^rV <J-;L* L *; |i jl cX/u i^.jjl/J 
<jUj|jj|,l£ aL^ja, I, j.I_ji jl cjItJ-*-; X^j*jy4 jjL i^jjlp j_j^— 1 JL»- 4> >.y.>K 

<jU<ua^—•» 4 , 4 ::—;lj Ljt. 41 .jL ijj4 j\x\j\S jjb^S£j)j ^Ja JXt .^S JLcI 'J-oi« 

jl il^l, if'j*: *t XL iC~J tsyv *4—j* *xi «a_j._u jr—' • ,_^L*j j (^1 ii 

-Z*^* C^JlJ 4 \Jj~^ if ^4 “'Xl j I tj^i ' "^ J- 1 ** - *J^ J 'LfJLub. ^A l ^ICLa. I . 1 ij 

tSiil; ^Xr*" (jSLaLa cjL*4JaLl« jl oli^-l *jh J jy* j_ ■ ■■■* j ^ C-Sj^ isU 

• C^*wl jljiljLS" jjl l^S iy ^jif 4— is\ji 
CS^r^^V* ^ -C~-J ^jLi4 : .■ * ji I C*Sj3- j^SLjLa (_fU4JiU^ a^jjLS’ (j-*jA 

|J ^“ jlJi[,K jjL_? j| (jAjL Zjjyo Aj iS {JjjisAt (_jIa4!aLl4 

iAjU jl,* jlx^U (_}Ujjb_L,S'jl <_s I 4 j. j b c~jxJ 4JjaL« u^jISw* csjjL c^» <_s_j 1 . 4 ^ i 

■(-^ [i A-\ J£-i) xt JJkl^i- j-i^X.1 

L>j LwU 4 ^ ■ ■ , L Jj^S jA Lfil jl a A li I Jj Iv 4 4> *l*Sj>- ^$w»LuA (_^La4Ja14u« ^ J ~ > ^A 

<sy.Jui 1 -sLajl;^ <^j*- 

^ u u »4 J ■ I^A 

*—'J^ 3 4ai 4; (jl4iuj jl ^aL (JjjL jA^jl j A ulu^s- 4; (^l^ *1^ lX 

c Xr*“ uki jl jlr-* *t J-^w- t p~AA aS I jl ijl^ j ,j_i J_p5" 

(jl4l_ > S’4; jlL 4, j jltf jLj uiujA [, A^i- C-Sj>- J-aiu yi .Jui - 

£j)y jjjl 4 »^,L>w L^JJ *4^JJ , '*~‘J(J A *! dX-AL-A ^tALu j*- 

.(j-oi.) yilf ilai; 4L^j4; Ijt" 4i Uli C^Sy J. - - .(Ju^u 1^ \»~\ J5Lt) C—l £*SjP- 

jl ini i 4. jJ^—y {j\j> J.L ^aL* (jXuX* tfjjL 4 S cj^iujLuj L SJali (_ja)j«j L 4 SLL 

A. lj LfAzL ^ ia 4L*J t^U (A^^Xus! il_)J* 4 v ^uiiu jl 

*jl4__l -Vr*- J .^il j Lt SJjjX?* LfUjlA;!;^ 'iaX jXII LflAjA'A* Jr-* jl <Jjj! ) A*jA 







(jijjLj; Jsli <LC j\ *5 (_Jjlj** Jjt »l? i(_J3jl_y> tinf? J* '^f'if* L fO^^~‘ ‘*J-&i 1+1 

• x^l;^' « l ^j'iL-;l» [i 

JjL iLiai ^3 (^wXA j>_ L, L) p~C—• *i LjiLf' Lfc/*- 4 or** 1 ^1} tffLr! 

^jlfa j_ — ■* ±Jj] ^ j^jI . 3 ^ J<Jw CjIS^ jl J3U* aj Ja^ *jf c*Sj>- 

.Xl -X*lji- (J-J^. V 

Ua^L*> j j&Lt ^ySwl£va 

J>li (5-it j *j\y* j* } i«» j\$ 3 jaL- -UUJ jj *>- 

(_£jjL jl ^ (Jjl£ (_£.*( aT.t I oliaj»*^L* •xil^ l<-£ 

*»jl“ k, l Of? L •!il ^\Jo .ijljSj^h p '- -. ;— - ^3 jlialil 

olla-*-^-* I .^>g ^iaJ j3 |^ l^jl >XJb j l^L^aa-* 3i Ja «jL l_y j *C-x^—r 

j^jLm ^ tijjL; (_£jjL (_$j^ Sj! Jjl ^ j> 

•“^jl-^tr 4 uJ 

iUjUI^IS'(J^ 4 <—»l*cJ iJl2 4. ~ Jl^^ 

.(xXj j; \ \ ”N Ji-i) J*\(JjXr° tx^"^ LX*^ 4 (jLA*i-vL^. j «JU^I (jLfX—~- 

.X- X^lj>- JJ> A -">* j3 (I—«ilia«4 Qt\ 



p“ ■■■ . ■" *jtjl£-. ijl-ii^lS' j! 


JjL *(_^Lfc_jjL j* \ N - \ 

.Styl 4l» £Jaii j$ ...^ 4—1—>* *tfl*jL* »Jlij! 


1. spline 




jlSU tr la> J Ji^S 

4$ (_$LaJ L (_jl^ii (_£lAj^j>j4 ^ ^aL« (_£lAjjL jl Lf^-f 1 . 

4 $ ^LajIjjI^IS* Jxw y *^aI« u-Xtl 1*1 .Xj^y* <X.iS JuJ y \j ■ -■ (_$• j —-* 

i-i jy* £j» 1 jl C*Sj>- 4j «Jkl iS^jM .il^til . ? ■ i L yj~t ilfiajj^ C^Sj^ 4 j {flj* 

ji u_$w«Lj3 . Cw I fji ^+s+j jj^>S I «J ClS I J^ '_ m t 4»M«^Lyv (_j|y 

-^j.^u-*-' f*L* Ct) Cf|/ o^“ {_*——'I 1 — ■ - '■ *' I dr*^ 

olp^li? I ji -i_y>-_j4 LkllaJ^ 4j 4$ C~j jl JjmmS* |(JyMMt/ jb J J <3 J 4l * L>-4 

J ^ \j p~*»f-*' 4* Lt LtJLc} i U, I JI <0 j l/? 9 ? \j ! »'■"■;■■ * La|^ L 4j ^ 
4 L J ; L .. * >" ijA I |»l^jJ (_$[/> (_£^-^l^- <jJjLwu-« uj ^oj 

<J£«w) Xyh^jA J4 r « # L^t4 1^ LAjUi,l£ is\j> |(_jLAj^b-JL^ 4^ 

.{ju^, I, \r-N 

C5Jl)^ If i ^ L dj~5 i\ J-4al j.i 

j L ■■■» I c»jl^ j J CjLfrAiJ O'! (T^l>- (_#—'Ovi ,C ~-I l*~* 




j*l« 


jl^a (^iai- j-i Jjiii* 

ijj tX\Jj~*A jjjsi iJjL-e (^L^Ljy^J ' u^-JZ J~* Jj r^ ul f"--'" 

J^~ C——-! tj i^Sy j5 

iji- <Jajf. jJc>\a- Jl>- ji ^ LS^+^JLi jl tj-'JJ. 

‘-r 4 ^ Uf^^* <-SjL>^ <-f^~ , -U Oil •■ i —->I Jj*-^jl 

,jJaj»-j~C (_flj« •; ■■■ „ ■, '\ ° ^J-o* ji .Xjb iJs-fr SiL, £*-*-1 

. Jm/ -XA ijljlLA ijb L L£w« C5 ^JL/ ^ 

Jr^ 

jjl? •(_***!$ ij 5 ^—* J- 1 jJ J - 1 -'Jjj'* _r 

Jj—^iJ-*^-* Jjr^* Jj—•^jk j^r—: £~“*l lj Ln) ^ jl |»L$»ia 4j ^wL»j 

ijjjL c^Sj>- ^LSja 4j jISa# L^l j! j* j* (Jjj^^t *c*—I jLSwi 

.il^l LJ i/f ' l/J JaI^»- 4 <jl£w« oJ^I (j?La* l$L« 

/l»ul j*^-* cJjjLj ^ ^j^LaIa W -iji-ij «cJJl*-4 j} 

L jl£v« Jyi^jj oLi-J C -..J mtf ^ 

^^->1^-4 (^Lajj^L 4^ Uol jl .lyld it Ij yj\j (J^L. ^laJ L ^ j$ 9j fjj( JI {j~f* 

ji oi ..<) jjJwpt-4 Jj -■' 4,L..'^4j ^L*yA jjb j oLp- 4_15 'j j Oj-vAi ^aL* 

• jjl^l^. J 1 Jj^-^ ^L—^4j ^y*- y jl jj ^ iJj^-A L ^y--Sy 

\ ^ J-«a* ji Ij M"-N C—J kSj$j~* x -^y-^^s* JLr^JL^ 

■" 4i[il ‘(yjL^ ^ crr^ t^U ur^JU 

*+^jj 

^jtL-fip oLj^ j c x j> £ ..»I (j™> J^) JpLjjl aJ. _iol>jj ^jUj 

* L (ji^ 1 * : ^l r 4 gA 4 t>J • c —I 

Oljly 4 j t ^^5" L^yj 4 -*^ \j -^--^ jlyjjp* ^-V-(_yL--I 

tt La 1 •* ■)) ^jJ L^J= I J_y * iSjt j ** L^'y j Ij j j Ai^^>- 5 J CjS j 15” jSo 

C"-^" ‘^-^LT 4 

C*olj jl y-i^tjliaAif i L^jL 

..iI L -iij|^^4 oi5^>- tjAl* jjA*iL$»^ cjLaj^L .j vyld^jp* yL» Z> 

L *S ^j*\j+~a j L jj ^ yv i4iL>jl5^ (^l^L-—* L ^ ^ 1 ^^ ... I.. .^. j| 

kji ^L* ujs—'^-*_y I J^l_yI ^Lw ^yhL Cf jLS" j J-Zi ^*i a*- ^a L 

.j.1^ ^jij ■ ■ i « _ • i ^^ a f l_^»j ^pU*J J ^ j J >-.'-.^ p.i buw I J 3 L>^I 





jllr—l J LS^Jjc' '(ji^ <Jy>“ J J^L* LSjj^ otS^a- \ f ~ N J£-i 

■-^r-LT* '“‘r-’J' “Vll oV j «; ••-*rftj LT^/* 



Li jUjjl J jlS j 


\j ( ^^j~‘ •'» ( - 5yjc^- , ^ r <jjjj4*b^ a^AS" *jaL* ^~*~ > - 4 

ji U^Li- LiLfc^i^ jl ■‘-*H *-\r “S 3y~ .JJi <C _) 

‘Oii^- uiU^ u^v! zh* ^ ( - fi - J ^‘ J : '“' V*^ (j^^* *^-—•* 

.c%*/ xa!^>- j\J* C-^j N T J-^j 


(^jL^<U-»-Jo j Ja^ £j^ tfjdj^jf 

^jby b <_jJUL—^4 j ^ C~J ^aI****-^ «Ja> £jl> 

^rfj i_j~"J' -~* j^ i> *M^b (^l> 4*4L^ Jjl^j(j** (jl a!« »»<yA> aS" nZ«■■>! Alii {J*J * *■ * ^ 
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bRxyz(J'P^) = sacp saspsy + cacy saspcy — easy (Pf-Y) 


jy^ Jy uLo pitch .r 


jy-* Jy bljA roll . \ 

■r‘ u jy Jr- oW vaw .r 





^ (^L-j ^JLkj 


i^'^~Y) aJ-iIa* l^jj^-3 i^Jjjt ,Uilj| ji #JLv 4 j 1^J uijyL ^ .Jk.■ ^ 

j i /3 JjU'k Y* J_7»- .7 »jl-^l7 Y,i :ijb jLicljjj 1*i-t ^>U«j| cfl+Lj 3 lsL; 

.Q Sjlxt^j 2^ 

U“iA* b J 3 ^*- 4 < --'A X-Y-Z (jLljj (j-* 'jrr* 3 ("^l j? ii J-*® <j;l ji_jjlj iJLi 

•j*^'J*" l> U^^~* i^^"^ 3 ^ 4 _}l •(•ijjf C—07 j!/J 3 

Lf^ ^ t -~~' 3 7 7 jlyi _^j 3 j>* jbj 3 0/“^-/^“ ^ c^j^-*- 4 L» *^uLk>- 

j j 3 OjL — ^lj o~~* / ^ dtO 3 ‘-^j^ 3 J^^- 4 ^ 

■^■ * ^ A*** 


BR-XYzhiPiOt) - 


r\\ 

rr\ 


L rr ' 


T'lr 

7- ( r 

^rr 

^rr 

rrr 

rrr 


(*>-n 


ulr^ ‘ r n j r \ \ ^- , L^_r* ^>* j v j-^ - 7—'L^- 4 L *5" j y-"^ [ft - T) ik>|j j! 

4_wUc4 .cos/3 a. — r n c^j j| c-lljlt ^J fl ijl) ..>,_,] c—,** )_, cos/3 

*r > \ / c/3 7 r r \ /c/3 *— v ■ ■ ' J J C-j 1^. t l_^I tj \j ot (jl_y *£/3 ~~t~ 0 A5^.Lij t. ij* 
.jjj] C~ 3 *> r rr /c/3 7 r r r/e/3 c~_; jl c7l^L' I, 7 } 

o ] y cr 4 j ^1? 4> 

P = Atanr(-r n , + rf,) 

q = Atant(r r ,/c/? , 7 -,,/c/?) (ff-V) 

7 = Atanr{r rr /c/? , r rr /c(3) 

'-C-1 oJl))b ^1 AtanV(y,:r) jlj* 45" 

Cav*'^ L LI j^jL (^j-^ vI^ 

^ UU < /? < a^>L jJ -;ll ^1^ v l^ t /3 

(jL^-IjLj u_$j <0 i_ij ^jy *jl L j^j .cu^l 

j/ ^ x j \ ,jlji 4$ LJjli; ^,1 L ,c—I tan -1 (^) jL* c/«.*■»■ ji AtanT (y, r) A 

”*” ^^ jtlt Atan V( — X /•, X /°) oLiZ—J jj^i jlji <• 

jl _^l f0° L sJjt A tan T( X /°, V j °) aS^^J L^- ji J 

L& jl^ *i if y±J J* C—f 0 ° j.\j ji ^ 4 . ijij jJ ^y) «ilL -1 

x — y ~ “jii^lj ^1 .i £ |*—* l^>- j l - »»o »j L l.. J Atari T ^lr jl iCo £ ^jkl^ JtC ji T , ?’ &<, 17 "° 
crriJ* tr*i^ u— <S*S.J> J 4:1 —* (t ^XrL*“ ^-!/t sJ[,L t>J^ t><^L; 



U J5’ fjiLia* J [+h^>y 0 Y 


0^ ^ )■*/!* c^-a»l l^l^ \SS Lvi^v* *±j\y j 3 

•J-i <cjj-"- 4 (_^» i(ff - Y) dJ^U^ j/ 3 = :fcA 0 ° 4 jjsJIl>. .(-Li jjkl^i- ji~io 

v!>^ L?U (^L -L-^vUv* I; 7 J Or L U^ex 4 ^ t>r-^ J 3 

.a = °/ a u^j* *S £*~*I jl Oilj- 5 
■ij* -l* l_j>- ^ v_&j *fi — ^ 0 ° jS I «O jy-^ (j I j ■> 

/?= V/-° 

Q — °/° 

T = Ata.nt(7'\r, ) 

Oww I jJ J jy-£D&J I_> l^»- iXj l/? 

0 = ^V' 

ft = v o {pa-t) 

7 = — A tan V(r u , r Tr ) 


(PY-V) 

= - Wij 


Z-Y-X >_jl ^Lljj 
•.}J y-t~oy j>*} jl^Lr 4 l 1 {-^} 

Jy IxjI [,{£?} ■ -~^£xr- iC—l jJai- {/I) |»jl*. j, iS^ j! 

■ J-A3 T Jf/J jiUulj— J i/? bjlxldj y 5 .O' ejIXli* 

^Uol .{^4} c-l‘ ^ry >{B} iSj*z^ »IS^—,_s jl (jjy- J>>- obj^j* ^x> (>Jj J 

(Jjy*- 1 J Jr* ijl/J- 5 j* ^ry jLjl t^UjJ j; jl;jj A— jj;l 

Jy jjjj 3 *-< Oi I 7 yy ^ ( _y4 J ci^bj- 3 7 ji o^“* 3 j^i_r* '~‘Jy~ a 

ty* Z-"7 -X ^Jj^I j; Lj (_/**i^ cji^ X j iZ j_y-< 

SjlxU jljji •■ iA - 3 (_ r * u~;^ _Ajl 7jb oiij- 5 J* jl i_r-i b {^} <_sL*>j,y>- j ^A-T 
‘ililu- 1 j* <-sb I dj . -L-»_^ - . . J tY 4j y i ^ Jj (_J4j ^j-4 <—•nw ^ ^ 

(_jL(jj ^ aS" \j u~u^* *^—- di>^(_L^i <(^jdM 

'r^^LT* uT°-^ ^Rz'Y 'X'i&i fill) l* J ^ jy~^“ ij . Z-Y-X ji-j! 

c_^>j < L*,rt I a .Xw t e - - s*j 1 ^-* j I (_j L Ijj L j^j 3 ^ji j dS^_i i ^ I J> ^ t --' a5* A - * ^ *L>. 

.pj\b$j$ 4 lL-£j| 

l B Rz'Y 'X' (fii T) L?i^ (_^jLj* (j |j u^(_5^ AA^Y <0 L 

>^A r r x> y O jy~a*i dr^J* j^ J-* ^ d^la Z ..^! {B^} j {^ , } d 



At* L*j JjUji 



.Z-Y-X >.j! tfllj; NA-T JSLi 


C *~'J' 4>j 

Sfl = a„R r* (^-n 

^1 ajL Z W Y*X ^Ljl tul^wj^ 


jJ 


w 


< -~*- v (-f^+bj- 1 j\ l -^“. J* L>] J* ^ 
*i J.j {A} 4a C~_J {B} . -alia (JjJCj^- 


gRz'Y'X' — Rz(&) Ry(fl) Rx{ 7) 


CQ —SCx 


c/3 0 5/3 


^0 0 

sex ca 


0 ^0 


0 07 —57 

0 0 \ 


—s/3 » c/3 


0 57 07 


l^I^w jz u-ij—L . ... j tscx — sin ex tcex — cos ex ,jl 


sRz'Y>X'(ot,P,j) = 


cac/3 

casfisj — sacj 

casficy + scrs 7 

sqc/3 

sqs/3s7 + COC 7 

sasficj — CQS 7 

-s/3 

c/3s7 

c/3c7 


uLj - ^ **—’ ^ o—J {_jJ a^jLj L La —1 j i \yy* 4^wL> ^ y 

j\j*y jy LS^ C-J Lv ji t^ Jal . 4 {_$■^>- t £jJ L C-jL 

c^—»l jj jlv .4 ic-^t (_fLfcj_^4 Jj^- >Uvljl ^jv*! <jjg^> :c**J 








dy s ~yj *i iiby *" <jl—* | , L»''I jl O'—- 4 * i yS^‘ jt 

■^y-- ^>yj^y 

jijj] 0-3* tfl* LJjlu ^1 3X~. J» * . 0—1 J 3U- (f’f-r) L (V\-n iLj, •'Jf. 
cjU jlj \y \j (P ?-0 i^b *A» O^U* .os—il^ ^;L j! Z-Y-X >J u Ujj 
.3^ jlS* 7X jlij 3 L Jo^czj Z-Y-X ^jl csUjj 0—3* 


Z-Y-Z jLJ eflljj 

:C “ , I (j~»- {-®} L$A J iy-Oy 

i_;lxl* Zb J_^>- Ijx! I ) {5} .xx£ ^xr- {-4} ^*■ o^ O . L 1 "* jl 

y 5jlJil4» Zg Jj^ - J *P fijl-^l^j V* c / ", 1 ■* 'C* 
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< ”"i^ cfMii ixxi by; ^xxSyy -^^jl tfUjj 7 -^y.xj^y ^bjb* ^ j iC^li (jUjy^t 

bij ibjj/ \ V t^J ouijj i-Uloiji; ._$- * j <^l /_ OjliL. jj *_ r L_ 5 i cfUj; xd i 
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j* *^*1) j>)j>. *J f_y fcA J^ji £li) *J^’ |/_j i^w^* jk J- 3 ^! k ** a K j bj# 0La 'aXX* 
1 ^ Ii. 4 ^-i t\j ULc .xS^j* ^•■.. 4 1 t*^ j 3 

j^S. i>J 'piJJ^ '-*"■**; ' —\"S , j> <jljt ^ ^ ^ <-Sjk> ^ p?^u* ‘^ j j~^‘ ^ oLd 3 »jl-^l 

.fe [, WY JS-i) yljL; (.^ K L j, 

‘J a ^ <j!/J 3 U-lJ^ ,3 J— {^4} (.r^ ji (_y^; *j[rj 3 

X* I -Ufc l^>* ji j j (_^111 ir) i_ tj^-t3 4* 

R x [0) ~ ° cos 8 

° sin# 



.JjLu ijjj} j jy^. LjXjX, ^-TJSo 

Ot-jl *j ^4*jl ijjjli - t yr i ^ **jb j ^^liji {./!} ** c « . {5} Liy^~ 1-. ^ * Uii * ^jA A 

.[r] ■i r *' ; dilJ^J^Ji jl V-® 3 ) "~—■' ,J r-J 


— sin 8 (YY-r) 

cos 8 






Ry(0) = 


Rz(8) = 


cos # 

0 sin 8 

p 

\ 

— sin 8 

“ cos 8 

cos 8 

— sin# 

sin# 

cos # 0 

p 

\ 


(VA-t) 


(YW) 


l- 1 "?; [> ? T Oij^) ■‘I s o^tr* ,J -“b ■ly^ i iSjy^ ‘iiiij^ jy^ CyJ 

L C~-1 j\j> JiU* u-ij-L. 


Rk(8) 


k z k x v8 + c8 k x kyv8 — k x s8 k x k z v8-\-k y s8 
k x k y v8 + k z s8 k y k y v8 + c6 k y k z v8 — k x s8 
k x k z v8 — k y s8 k y k z v8 + k x s8 k z k z v8 + c8 


(A»-T) 


.c—l A K = [k x k y fc,] T _j i v8 = \ — cos 8 ,s8 — sin# .c# = cos 8 jl ji <S 
jiji A K jlij, (_jk _.\j jj c—l&J ji iC-l, j_yl» jl 8 c*S^c. 

~ L ) L r , 

*S ^yS c/™ 1 y \j j\j j jy*^ tj^t^ (k ° - V) *J j 

c~j4j JiU^ jbj 3 Li-is^ 1 -^; (^[ycr* Lr-^vt 1 ^jb j ok> 3 jy^ j* ^ 

I ^Juji^-*l y* 1 y^* cfju jl # j * . ‘^ ^ ■■■■■* (^1^»c 


= 


1 >.J j 

3 ‘J-^ <>J 

r\\ 

r\r 

T\r 

r r\ 

frr 

t rr 

fn 

f>r 

r rr 


(M-T) 

•l?oi 


8 = A cos 


K = 


- \ 


\ 


T sin 8 


r rr - r rr 
r \r - fr\ 
r n - r u 


(*r-r) 





j* c?b^ "S "^(j^ v- 1 ^ * j tj j j j *-* 1 Cxi L 0 jl-X ‘J^ * 1 / o^ 
3 _>^.} {~ A K ) — ^) J^-- * (JO^i 3 £jj ‘(^ ^ > 0) J^l** *j[i 
“*ijb 3J^* i_rr;^“ *i u!/J 3 i_r - i>^‘ jl Ji^r" j 3 'Oil^^ ••“*■*'I j|/j 3 u—lO^* l* <Lfl» j 3 

<_#L.)b <_jl.fl>.> 3 ji *Jc~J jl LxJj 3 j^.-^r ^—* ■|*X£ j; (jjl jl Xl 

C^,.< X J IxL* 4>ull»- 4^ O—J . C J ^ii ^^>1 —»** J_y**“* 

.(A Y-Y) aJl^wjx »Jlw ajI^J .j^ jaIj^u j^j-jLS^I ‘X^ 

.( X..._-j (^ Y” T •>!.> Xblj^u C*..<->4 j iO — ^ A° ° l j 0 = °° *5 J-* 


A-T Jl^ ■ 

J>* ltt - .5 lC *-J jJaX. {A}^ IjcjI {£} ■>^‘<j A ' ‘i ^ y O'! *i {#} ‘r'^j'+t 
.^y- oli ^ 9 SjljJU b,i^ X jlrf) A K = [•/V°V »,Y»Y « / »] T J l^ 

,\j)\ ‘-^(j-* ‘-v-' 5 ^' {- 4 } *i [> {B} ^ L> tA-^’ tr-ij^ 

-jJ(_^ C*— 3*j iXl? i ,«. .o _y J^^L. jy [|jj C-.. ...» .(A" - V) -tlajj j ji i)3^ L 

• 3 jj Jj.!y*. [° 0 jlSw# J^ji (l " “ " 1 I tj ju3 filial iwJ 3 

Lr-i 


.4 'T' _ 

— 


O/MT V“^ v 

"/”py »/\rr 
-•,ror 
0^0 D / 0 


v rof •/• 
-vrof ■/* 
•/Af’P °/° 

•/■ v° 


(Ar-r) 


lIo 1. * g".> w4 Iju^* j| bJJj-iS" (_jLajJ *jj* (_ft 

i^- 4 j jXj L iX^ IJuj JlioI iX-* (_gUX * .....4 4-^uil^ 

Lrr-J 1>-V X jl j^a aS j^Uaj I j ^Ju —a Ojb j\ji jj ^- 1 ifjj l+l lx-* ^ 


■>J uk L Ji-v 


4-r jl. i 

J 3 > Jo 3- LT-r- J ‘£*-1 oX 1 {"4} v! 1-^1 {^} X“"ji Or^- {^} 

= [\/“ V rrJSlXjl^A' = ["/V"Y O/Y-Y -/of 

.Jjj_jI i- j ; - & y ^i {5} *S \j u-ij 1 1- 4 - 3 ^"(y* ,J I 3 u!/J 3 

J 3 ji ul»J 3 (*I- 3L 'I ^1 U~i {B} J {"4} 

J»& J ,AS > {B'} i {A'} ±j*r ^ c.j< jA» L ^^4 oi»3 V° ^Y 








{j4} 4i ii^.■■■ l^I Ij_< LI i. r . ' ...* {5} j {>1} L ^ (jl^la j 

,Ju *' £*b J3*^* cfu 3 JLil 

V °/° °/° V 

°/° V° °/° T/° 

v° °/° V t'/’ 

0^0 °/° a y D \y « 

- > _r- L r' «- i r- <, y 0^ {&'} *i {^} "r^V * 



(Af-V) 



.jIj j[,jj {j4'} * c . , .■■> \j {S'} oIj-tr* dr—'^ 4 ^ ^ J^*- 

jl ailc-l l *»<—> J> i '~ > J3r° ^-'r* jl *$ (Jjj*- 4 J>*- jbj- 1 



L/ lS ^Ljai cjtfbxJ j 9"° 


u~ijA* C-%—i «Uv^ {A*} 4 j C~b— J [; {.B^} dj,;^^ *(A°“V) aJajJ^ 

l-i—4 4&lJ Ai Ij (A° — V) jJ j 5j$ ^ d \y J^ <w>^>-jL|jw 

*pwi ^ Cwl [° ° & ]^ jl jliwi jl*jt iJjL^j-iJ Jlil^l 


A' rr> _ 
B> 1 ~ 


■ vvrr 

«/• f V 

°/f(St ; ° / 0 " 


°,° 9 S 

«/\rr 

—"/ffif ”/° 

(A^-t) 

-‘/Xbt 

v^f 

-/K 99 °/° 

°/° 

V 

°/° '/*. 


[i *jy 

L CjiUiil^-i 

a b t = 

^ rp A' 7 ' 
yt fi £J' -* 

1 B' rp 

B 1 

(AV-T) 


d^ t_5"■^' j I»^A-4 aS” 


T = 


v^rr 

v*v 

vraf 

i I O O 0 


•9 V 


,rof —\ / > r 


v^rr —»/r^f 


>,m 

’/”• 


»/Af? 

’/" 


0.000 


/ 

\/\r 

V"0 
\/° 0 


(AA-r) 


(_f|^ i ~ .... 3 4. (J^ > - #[^Jb 4j Ij jlS.^ jo O \j~4 JI <5* (_fjjil^- 5 _/* 

».Ai le ly*Js .*- ' - ^ i>-^i ■ _i>l^>- sLul i -1—. jl aStjjS J^>. ^>|^_5-i cJU- 

J _> J t>J jL» <jbj J jy^ <Ju ji l+i l-V-* c '~l (y^ J 

jr> l> citj * 1 yj Liitj* jy** lsjj j. U'* l-V* j^* >—<*L»wI 


A>l i*i 

(_flAj^«)jlj j»L|4j s-lc ji <ji ^ J >=rj jL uj^i 3 c_rid tib 

LI .C—.1 V-jLf (jjl jt £_/L>- OjL (jjl jS <C» y I .iyl^a a jUld _^Jj_jl 

A* It C>J **—Jlia^ 

Ok* Oe-^ <& J->L-< ijjj j K = j/Cj. k y fc^] T JjL-» v^-‘^4jI 

-‘'^-'Lf 4 


, . 0 , . 0 

k t sin - ; c r = k y sm - 


(AW) 


e r = sin 


r ’ 


ff = cos 



^ ^ <-g 


jL*v; ^ te J ^- - -e J 11 —• J^.-^i j\ ‘^-i’j 1 -^ O'! ^£—-I o—ju 

ef + ef + ef + ef = \ (v-r) 


jl+t LfLa* Jj -l»-lj <; U^Jujj y, jly^ [i j* CliU^-i 

.1 i S* iy^*i r X \ jl-ijt '-£■; '—‘jj~*’* J .jlijl (_fUjl^[|l olijl 

j^jU^ l» 1+^ ‘^u j^*; r x \ jIjj * IajLi^L _/l jj 

^-‘y (yr^ “-'-'I Lf^y- 1 >]/l{ jl L JjLu *S tR c j[,j.s u-jjl* 


R< 


' - K - ref 

T(f,f, + c r e T ) 

r(f\fr - frff) 


f(t,e T - e r €f) 

\ - T e\- Tef 
r(e r e r + (y€ f ) 


r(f\fr + (r(f) 
r(e r fr - f\Cf) 
\-Xe\- ref 


(\\-r) 


■^Jlt 4 *-—o^- _Ajl <jJ.l j[,jj U~i>^* J\ 


_ Trr - r Tr 
_ r 'r - r T \ 

e r _ —-- 

ret 

, _ r r\ - »V 
r “ Ut 

ff = y\/' 4- T\\ -f r :T -f r rr 


('r-r) 


tSjy** J y* 0 jbj-* J-*!— 1 jLj J ^^jy^ j- 5 (^r-T) iLi[, jo.f 

1*1 -iAlji- J*~*> C~— <1 e f lCjjy~0 Q>\ j\ \j>_j lO-lL Jykljiu Jjjjlg iJLiij 

i ^\ 3 jj -xjU^ ,yi ^aL^. jj cJU Oil (\r-r) ^LaaLi, ^ jLu ji^ - ^ 

.xL* ^iL [—\, N] »jL ojI_j,»a Ue,- *$ c~l *lA\~r) aj ij*j 

jjlaJLi I j <_ii j| aT j• ^ ^ 

oLj_) iji- jl oli^J L jl y,j* \j j L§J LSL* ((^jj^Jo ijyLjj j*.t. : i j j 

jl^j jl j »jU £-Sj>- i-ijlh-* jlg-< <1; (_J_jjL tjjci'..4 qjX ,j|j j*U~l 

* ^ ’ 

^ , ^ 3 * lC^—'I »J^r O l> Jj 4j jl dj C^JiSj L JjlwJ 4$*■ 

4>-jj (j~~- i> 1*^I j!/1 ^ ^ jy^ 3 ^ jl j-> .A*-i jLU 1^ L^1 a|j Jui 



cA j Ifl m^j 3 f V 


<tXX 4lX^jl 4jaAl *<XLj}j ji . ^J L*f ^4 'iL*^ |^ 

j X » 4 * L jXi <jrjLi *^_j~^J 6XXS" oIaL~I ^Sfjjj^dj iJti; n ij'JJ"* L 

*Xjl^ [, oL^jj Lfc^jU^* lA/j^ <^ly ^<^0/ (jl4*. ' .>. v --> «<jij/l^ .ijU If I 

<jjlo«; olj, ^tjM'.JZJ^ j>. •S^ t - ‘ U ♦ ' ■■• : •• (_r»V. C ~“I c £~* .^L<.X«<jl s _w 

jt lS’.xJiL 4Utb j,J «<_»». c~.—- <j» L «|j-jL Cw^_ 4 j» xjL* ft X «< L^C« jl 45/x*^ 
l?|/. (^^-f* j 'I—<JU* ^ ftiL/ jLJ (^1^* (OL-aj-ui^ ^1 L j *jS 

-X^ -^|^>’ -i)X*v* jL« *^ ■ * >Xjj J&J UL^j* 

ftljf JjxJ V Y 

jjr* «XjJ (_^ Ifr L^aj .>U / jt$w4 (jUjI ijt L ji .t.^ i jjrfl j,> 

.xlojlix* jl If I Uj .Cwl OjUl- Ljh^ <>J J^x; .*/ ^1^ ^ I; 

V C/V) J^J*. ^ ‘f } L*/U LT^ j-> 

* - Cm I (^sA-4 jl\Ijl J lij# ji . X*\j \fi\ J 4&j\X\ 4 *S X jl\jl ^>SJ_ jS«i 

•X jr^*i j^ J* [} ^ ^ ^ ' J ■* oij jL*^ CXCj~* jJ^j# 4 —j ^i-4 .X....* L 4l*i ^*jLaX« jj| 

L L l- *ij** j j !■* jL*£j <Xf». .> *^[r! 4 —' 





?r Jsjjw 


. Jjj\ j$ y { ^*^— Ssi j»\ ^jV*jl* j3 aS ^^5*^*j j\l>^ 

Owj jb^j <w ^A iJmL #Jui l3 j » . j CiLtoi jL jl* i T \ T ji 
L iL a j b^j £jA i^jX jj xy «L ^ i.jl ^Lijjl j; jLu ^1 1*1 . jjk^£. ' .... .«a 3j^4 (j*) j 

4; iLjjl jJj; «-£. ' ■ * j Lfcjta_^ ‘(j:!*^ ■ *'~ ■"; ' >-£ ' ■ ■ ■■«* .jijjjjJ,. ij»-j 

ol^l . l»* Jj 1^4 J J L- >..i I i I*." .... i \jt *S l Jkj 13 jj . 3 j 13 S Jm iwJ L^Cj J j Ljl* 

<^U 

lj X -4 3 ^*w C^ 4 -u I £j£w *»4 *S «^^ljkj 4 JI J^*wlwj _}3 CJSj^fc 4 ^ jjJ j 3 

:C ^l3ji (*r*l>- 

j 00 _}>lc- i^isu 3ijj*4 jLjl* jl j J C- 1 (j?j Uj4 ^jla> j bjJ 

«3jl3 ■•.! jl (jjl diaAi L) j»\ la.r>» 4j j|3^j (_jlifc^j| LJLc .J^ib <C^t<13 L^“—i vl J > 

■•“-- I Cij l-V. Jj? j ^ 3 ji 3 0?“* *i } 

'*JJj t-«i jj J* jJ .C^ ^ *j|joj L I ** • L Jo!^y 4* C^wwl ^jjl J^ji 

.jil JjJj l $js*> jl (yV^ j* ^*1 jj-^ 

4* & N JJ [ m .,S.$ jlj_^ 4^ull». J 3fjJ (J»jj3^j bj\yJk J13^ 

jtj j? {^4} j 3 ti jj u^-* f^'lj : (^‘ (’^ {-®} 

p^li' 4 -— 11^4 

a n = a r d n {\r- r) 

LrtJ 1 ^ ‘lij* Ji ^ JiJ-'jJ >JjSj 0-~*l J *jU! <•>!/!jlv. J J 

3j ^ ^ J- 1 l-V* Ij:—■ L)^ 4 J ‘JjUcr 4 oLj- 1 

{^4} j 3 '{^} j 3 *- i " 4 - w _y ^4' jli_^ ‘Sr^v 1 Cc-*^ * 

3 ^“l^ 0^ u-^ 

x y = *r B v (^f-r) 

• I ^LwL>u j3 jjl ^ >■ j 0j|jol L^ I^jL u <t.~---' 1 3^1 (_jjl3^j i^ixij ^ ^ j^j 

ff$ j[>j J *JL> ^1 -ul^J _pl jbjj ((^f~T) XLj^ j 3 ) 

*$ i*.f •-^ 3 U - f»L»v) Li {-4} <; {5} JjJj {&* 4j jli^ i-ir- 3 ^ lj\/. 

J 3 ^- 4 - 33 ^(J^ j\*j! Ji-^J 3 4il ■ 3 ^' l ^* ‘A: 3 L>&-* j\*j! Ji-V'j 3 A Pborg 

, A V - dY .l?oT , B V = flX J I .TT-T JSui 

■-^J-Lr 4 iV-A 1 ljU, |3 j; <3 J-^i j j 



Lju jj J Ft 



olia>^ta \°~X 

U (CwJ I 3 f^jji { m ^ ju -Ltj j3 ijbjJ OjJi kj* j-— v,i j3 

.X-JtL <cxl3 #ajL oL—#L^4 xL ^ ^ jjf* 

^Lj-J Lf ^0 ^jV j3 iCwl X>J \y* UjJlia-4 c5j3 ^]y jJ^Xj 4j ^ 

j \±jk~& o^ v^r-* 7 islt cP^j j^J i - J jj~* C/J j* LiJ ®- j Lc—.I L^Lxjjl 

(Y A~ Y) j (Y \ ~ t) »Ju d^ta jLt, <xL—iL^* jXa ^ 

'^LT* ’f X f j^ujub ^ (^— 4 

t^lr 4 (j'+Lij-* •^-* •*j^i_r A obl*^" L^Uw. ^ i^|jX ^ 1^. ..i j> L« y * * ij) 

X jiJ ^j^ 4 : L jk* X 

A P = %R %R c d R d P (U-r) 

Oj Lc j j ^ li p/. ^ j3 [; (j[;j3 (^L^*j^jL« IxJ *S c^**»J j! {j*x) 

X I C-w/ 3 A» j» j 


a p = a d r d p 


(\?-r) 


JkA !^a» £•*»- ^ 9" j jJ^X AY AjjLj «jl* XA 3 i A—j C5_Jj j I £ jj 3 jj I CwJ<0 

^ ^ ^ ^<~ ■ ■ ■ * j~> (^^~Y) O J Lc j3 jN^j j3 '*—Jj~£> j»Lt\jI .Cl--wl3 






\j l*—.jJl. i njlil—I *^*-j-* *» 4»v* Ji^ U*JJ jl ‘lij* U*JJ Cjl^ 4 : U 

tr*i '(*~^ j jIj 

A p _ A p Bp C p Dp 

A p — bR cR Cp OY-r) 

A P = $R °p 

A p _ A p 

oL—U-* ^l-UJ c.a,.iaj jl jlS v J-^t \A j u^ J-*x ^V L^J 10 L—.L*-» ^l.w t J5" 

■ C — I Jjl L rJJJ* 

jl »-X * -»«l> 0*1* ^P j .ft P 0 > — <J * L$liL» {_j^v! jJ 

1^ jl t OwJ j^* J j *ps^ Ji-AJ ^P; Aj jj L^P,- 

■ ‘j? \j utj^ *pi ji L5-^! t_$l^ 


W-t JL. ■ 

3 I-UJ jl ji a 5* Ajj^l »g P q P i j[fj3 { j^*j[a rJ? (j\j» \j { j^*x> 
.j_ll> \ A jl j^S ^1-^ _y VY jl 

C *>. >> y |jl_J’(_|- i L« j^-w 4*^ Cj j i^ii Z/j 4 jKjL^- 

C\ = JJP L\ 

Cr = fl/i L r (U-r) 

CY = C ^ x Cf 

■ -C-—J N A ^1-^ j *Yf jjj* oL—>L*-» (^lj» «—*j—tf» (_jl^JU-c jIjjC 
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jS 0 SjljuU X A ^r— ^ - y ^ ijlJu k Z \ I ^ R jli y [ N &] N “ V 

(*k"l ‘- 1 -- Vej' L b ub ^ ^ (^bj 5 u~ijX* obj J 

•JlAi 

^ fa :jUL x A j y*. IJ - r , } r» ijUk y a jy. \^i A Pj\>y [no] r-r 

L^l jj L b ^j| *S Jm ,t S ,/L 

. aa j 

.0—1 {A}^ IxJ {B} :C~J sJ ^jyr°\ {&} ['^1 

'r'y^jUrt; 3 r^^tr 1 jl’J 3 ^ Zb Jy b {B} iyr“ 

‘—•—I Xr Jy b(J~°L. 

j_*j' A P -b B P j\\j UjIj^ *Ji~oy 

■C~— I (j. l-i’ . * {A} y Ixd {B} :Cwl CjjZylji y_j Cj jy-a*j {B } ,_/[ \ f - V 

b 3 (r? AJ L5^ ob> J *.)l-i:k b cr-r - ' 

^ t? , \j3 i u-tj^ **rP Xb 

■ 3*3^ yJu A P 4, B P j\ \j 

Xi = ^/^\ yJs) c~l e~ ai } e+ a ' A iyyysll* L f x f y^jL A R [NT] a-t 
5c~__». N »3i_j jl-k* L. gB »>_j J*j>. ijX-ijj fy^ 

.-Ljjl c~,j* \j (A”-r) ibk. [r\] ?-r 

*™^1 J- 5 ^* 3 J3^~* ^ .o y b V"Y 

* n * LI (AT-T) diL-« j\ ‘jy ^ 1 ‘ * ^.f L^bi f 3XS CmH b obj^ 

y jS y b 0 — \A° 0 y 0 = “ ° L-t plf ^ 

jbj J b (J^ jij» [IA] A- T 

i..* _ ■ ‘^ jkl ^jLjA, b .JiAJ j■ ■*. iJjLl^ 





Procedure RMTOAA (VAR R: mat33; VAR K: vec3; VAR 
theta: real); 

Jilx* ^_jjj j JJ^ 4 *—> jj"** jl b <S ji |^ 

■** 3 jit* db.5 J u-ij^ 

Procedure AATORM (VAR K: vec3; VAR theta: real: VAR 
R: mat33); 


^ l?*j ... j ' .. S ' j^»- j i ij i b I j -*—& i j (ji b HI* jt j 

j? b i *—Jl* - ^ ■ > i L JJ I^L—j j» ^IjL# Li aS 

.j^S jlj^t ,c-vH «jL j >Jx;» tsbii) tib: b Ots~ [fV] 

.^j\jk Z-Y-Z>J (jLlij ^ b A-T Uj z [TV] 


jL‘ 1) jjU Cw-oLi- jbj J ^r-ij'L* v^’ (j^b^ ^ j 3 [^‘ 


5(c- 


rs* (*J • 


U^SJ* 4 Jij J-tj- J^ji [' f] 


s-r 

\°-y 

\\-y 

\ Y-Y 


’V = 


f •/• 


p - ■ -. L 4 . . ,i 1^ I 


i4 'T't 

5 J 


-/A?f -< 

o ^ 0 o o 


,b° ° 

-/K?? 

0.000 


\ v 

-f/« 

V' 

\ 


Ij a v 

\ T jji-i j j 4^t«l jkijL ijjlfljwt ft L *$ 1^ jtj [V \] NT - V 

1 / c-^ u “: • 1 •- i r fc ^ |j Ct*j^ j\j* t ^r-?y j.^ 4 ^ J pc — f 

. J4 . . .< L>V4 


t/ 71 

44 J 


° fh?9 -°/A° 0 D/ 00O \^ /0 

°/A°° °/A^^ °/ 00 ° -\/» 

0 / 0 0 0 o^oao \^ooo A/° 

o 00 ^ 





S t -1 _ 

A 1 ~ 


\/° ° 0 
0^,000 
0/000 
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.Jj_j_5l c—.j*. \j K jy^ Jf* 6 jlyjj L JjIjl. jlyj u-tjL .(0 T = • 3 

■ JLlJoLt-l (A"-T) ikj, j| 
<—y-fU. jL—j jLJ * T N—T ,jj_jJ ijw; jl •iUz_l L [ f ° ] 
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ojjjlj^Su cix L» j»> m> jj^j i^So^ OjL_t<ii) jjL< ix%jL 
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iL-il ( J±3- *J 4jlj^_/l *5" .Ijll jlji jl jjlr jyi* jj i — \ yLaO jy^. aS Cwl 

1 ^[/f ^1— \ ^ | ^.... l| ^1 Jkm* l Z 4 Jjp** j* 4$ Jj L 
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OjJ Ji L J \) i — ^ jyv jl j lj-X ,Jyi* jl iJyOj Ij^i J, \j (jIa*Ju^i aS yjyo 

‘ a i-\ J_y I* J>~* >-jjk Aj i — \ jy^ j\ jy^, y ^ ijlj elfjj <| r ^S ’Jtyai *>JLo ^1 

' ^ J^~ ’ .Ol_j»- jwfcl_ji- CKj _ \ I; i — \ Ja<l j •jw , l* ( j-‘ Jail; (jwj— iij\) I; 
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I a-*-^i { 5"} '■*>-’i_j"* (j;l jl »Xl5»:>Ul—J 4 j aS" (jjL*- t .C~*^l 

L v ^l4>. ^ll I, (j;! |»Li~l ji a> c~—; ^Ijj JL^cl V^j 

xxS - ^ ‘‘i'i “4 —‘ I; «lii—;! v>rj^r •- k ~ , k L# 4 

' -If T J,jj) 





^ \ ^ jjLuL-l U 



isW.xM Jt* ™-rjSL: 

{M 7 } iCw} ga 

{ N } iL-sy-jltf* Oil £> ^ ‘^tx 4 J- 63 ^ 4 C*iA -Mr Oi^i * {W 7 } 

C^JL>W £* i^l-dal; I; {H 7 } |jU4 L_Ji:! .C~wl (Jajl; 4 j «J_1 l^^-jL^-) 

(—jl j c*5^>- jjL iajj^ ^^>4L {M 7 } j\ji dJl^L ^aI« 

•{^} — T ~ pj T ijSvl CjjL-C 4j dJu>Um« 4>1j ■ ~*-j 1 ^ -»» 4> 

{ T } ijIjjI 

*—^5"J.^~4 ijjl^ ji 45" <jj\y\ t^L^I 4j j; {T 1 } 

j]y) j\f* t - J ^ JL/ (jl ^ . ? . 1 V oj \Sy Qy {T} lX-* 'ifJL* iJwiL 

*-^y j-* j\yJ l-^- 4 * ^aj_jkj 4> dwJ 

•<■!*> n il 6-i— 1 C *».■■>J «XLj^ 45 

{(S} tui^ 

L -' w '*'L jc* jlx l * — a -y~&y »xL <*4 X l Ja—j[)*l XL 45" jj {G} 

tj \j*± j, {G} .3^. jjal^ O-U ^jy^jl^- J, jly l xl ici^> (J^\ jJ 4 S" 
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Cxi <>*-]/>“ j J {G} itA—F 4 al l' .. J j ^ 

■ < Z ». */ 1 eX-/ olo Li 4 * XL 

41 ^ 15 ^Cw*jap jl 4 ^j J jjx ‘L>iy(_f 4 1 ^ o L jj <j\+Sj*- 4 *a 

is\ji K^jixllwl ^*Lj» 4-IjX* <c £»jj jj il^j^-jl4>- ud^ j I *-*LiX*l .3^5* jLj ijJjillwl 

.c^wL^jLj^ JLxl SjLj-i j 


^urjjj H-r 

C5j [/J ^ <J l£-« 4rf-**rl*-* jjJ L IjJ * AJ,L 4l^|j -I.L oljy^ ^^LjlJ.li (jZ~J>C jl 

*^—-'■* , -^ ^ ^ - ; -■ ■' (-lull ,_^l->- 6 j-> c~-»j i_s_ ; -*i^a. j jL$~* L) ijlj c—<.> ji <i5 

“ b {?’} j\j>\ L^>- Cj 1 ■ n p^A |^>- C-ij L_t 4j .C-W/l t_ --, t ni* ^ ‘ -* ■ ~ I 1 - Si m - =» J 

* pi J JI 4 j (_j^w l * ' - _ ■»* {£ La 4 J b Iaj jWj&T £ J • p~ $ A- ~.> U*_* { S } a I s—Jy^j 4 j 

{$} S* — ‘ * Vd 1 ; l^*} ^ J-^ 3 * LfLfLxJ jl oUlLJ L ^Ji ly^y* 

IIUI^ ^j 1 ^ 4 * *JjJLj ail—. . p*-*^ 


Srp _ Brp-\ B rp W rp 

T 1 — S 1 W 1 T 1 


(u-r) 


*XwJ <_^Lju (J ^i • " ■■■ . ■■■> tL *5 *) WHERE jLa ^ilj j* {\ A-T) 

j WHERE tA-r j-i .xS^ [1 j^i-^ ^ 

. i jj Jl* 1^3- J l $ 'jyA 4j C^. I I J^J (JjSC-y*- 

, *-^w 1 * . _ ■.* j'T -i—* ■ 1 (_ji>«iJ.il*-^ Ij N A - Y*) 4 J^Ia^ 

j-* jSjb j-i OoL {jb\j \j jl 4 ^) tJi-V ^ 4 j |^ L^jlaL. 

Ui^ *-^L f* tr"^ JdV^ <^ 1 + (JLrV j - 5 ^ ‘^ 5 ^ Ji*V) 4 jL 

^ ^1 pA \j L Ja^^ jlSwtl L 4 aj t( yLtf»l 

' P ^ Sj\S a 1 $> " .«,.. ^ J ^A 4 i 


olii>>^a \ 0- f 

CjL-w i^jf (_jl^j [*J*^ U^J ‘ t -^ , * , ^ ^ a^L a 1—<J ^jALi iS ^ J^ C5j L*w ji 

i^jLwL^w ji 4^ ftjLjJ j 1 * >-1 4j j3 .Jtj|j C-—-^AI ^j£w l^^.w 

‘f’^LT 4 ***£^ Ll ^ ^"T") 4 J^Ll4 L 0 ? 10 Laj^ 

jLl*. (_f[^ jjbXf 4iaJj L C^olj XlaJL ^^wLw jj d^Lu^l ^ jUaj j4^ jl ^5s> 

ji jt a ^ L*i ^ 4 > 1 ^ijl '^4 L-bW ^ . 1 ," - --■ I e j L-* j 

jSj* 1; *y>- ^jlx (_JjU \LJ> tC^jy^P ^.1 J^J oLlL-J 4iiij 

jL^ 4 j 4^^Laj Lai .x5"1a^-aLi ^ , ,...> j^^U-a jl ^—^Lii Cj LwU^-* 




j X^lx ^ Oj ^ L5 ”^j ^Iajju* iO^wi ^ ■ - --■ 1- -* tx-j L *Lfl> ixl 

dlaat j^wLw (jl^ jL ^j^ * 1 -w ^^‘.| j jJ aj .Xl»XX 4lXlxl ^yy>- **j b* JL~*$ ^! 

.[Y] c->wi Y 'f n*JjJ (_j-*L*»l ^ iC^L 


L !; £*■>■ ^ iflfr X fcC ^Ix* jly^ (^ f“T) j^j>- <JjLw j* <_$ j£jy$\* Ij 

4^wL-C4 j\j$v j| I^J Ojb ^ jJ X*** 4 J^C (j>\ jjIaLS* (^U^Jl4 

jl is\j. iZ^L— il>v4 L^JjLe 

.[6] Cwl ft-Ll <ci *Jy^SyS Jj^ 

U^ J..... 1 ) _J (jwy^—< (_^*i ‘((^"Tji-E.) L^^*~‘ *i -k.jij'* It->L_L»VJ Sjj> OLj~~i 

^...,..L-^ jl tX—L 6-i—i jl j* * 1^ ^fi il^ ^ , ^l_y £r*l *x^wl 

“f -Vcr* Ol*i.3 X i_'_r-*2 ^1*" - ^ ^1 j3 ^ XjI^-j Cw 3<t ^J^j; b. .. 

J cr'jrr— ‘(jAju Cfl+*-— t—' jl CJjl^-ij- 1 ‘jl" *jy“ (^r-^I^Ci!/ ‘iJX Cfc** 

Jj-U. ji pljJ (jil>.ili- IXo ‘*jij^ U.y >r*—jr* j-i S' 

- Uj cr' Lr-*l* •' U-> j~& jLij 4^ L Ai f^ iyy-^~S L ^ y , : . . 4.pwUv4 jLj ijty*-* 15* Ja.-i^y 
^ (j— jL- w tOY-V*) aJjLlj Xj l* i^^jLj--k-» (^Ia^J^Llj ^1^4 

j* '-f- j Okw^4j ,oL-Uw jJ .c^wJ xlj (^jb* ^i j xj^ tzx— $Ai 

\yj~0 Aj l^j *S ) C^wl v L ^i < S—'l-*'.' 4 ltt^ J ‘ oS~^ 

jO xL i^ jj-—' ^ c^wJ fj^jj -l-ijb jU a~* ^ 

.*j$ u->L^i:l (^xL j «x>Li^x 
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X , -Ijji 

I CS- J" 0 * 4 

<_sUdbljc* .c-jjJJj L*J 

y j* (J~*£J*** J* L ‘if (y) 

x;b *c*w/J ijui ob jLl; n-r jsl:^ ^ I ^ 15 ^ [ra] r-r 

c5J[y* jy*~* j-* ^ ^ jy*-* jl j* L <c^ —J r~r Jb-4 

IzAj ..>jb V 0 j,\jt f j \ {j? j 3 j 

<« bOj| .Jjjjl 0—04 j iyT (_^|y [/ j 

.c^J jL lr 

t j N ^ 1 ^ l* /a a■< V* 0 — V* jl ftJup* ob jb«*» <_£i[;l *—• ^ [VTj f-f 

C^jO j* j* Lfi^aX4 4*Jk eJrfi dSjL^ . Jjl^jlj^ T j V (^Lfrl./aJU ^ ^ y i 

0 aXw • i i |j L— >i ^ A 4 4,1 ^ |j l~i*i,4 t. ^ ^ ^ ^ 4^ 4>-^> .. ii.~ ... A 

jjL i^>jL-c <c .jjS jjL (j,l <^1^ [» {F} b {° } Ja;[, usWr^jl-H' 

Ji-V cs l 4- J .>^‘ <jr-r- \j ji *t cr^y^C J 'p-v \j 

.xj c ~*\ j' r T >.)T .\T JS 

\j c~£j—.. ■• i ■ ■■' 6^ 0 ljL yCj L-i..^lAdj^lx, ( _y (_j[^ ^ j [ T 8] 

.j*aj ir -*lS’ jlS^I u>. L <^l$JL£ Jiljjij jk.’.f j xiS ^£j\S$jS 

: Ju^jUi ^ I, 

Procedure KIN (VAR theta: vec6; VAR Wrelb: frame); 



r-»-rjSLi 









jilt. 1* ij - ^ i*^-^ ‘V , j~* > o^*j ^ b jilt b u“S ^—f b u“j^~“ V-'^’ 1 "* u^*j 
v 1 j"** b^j 0 / f b jilt b I* ji^* *i d)-31-3 < r *. —i _j tu-jj^a jL*J d L 

|*A *Xl5" Ljl > jLj f L ^*1^1 Xw j 4«^L«-4 . ^ | ' rw - * ,Jy J^SL> jjaj 

5cxib jLi wj jLj x»- 4^L^ ^1 jj <cj j 

(_yL»JjLt« ^5" i ^ ...ij^j [V a J 


J- j, f-r JL. ^UIjL .1 ajLi L ^Sw-L 
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i>~? j 


xT 


Procedure KIN (VAR jointvar: vec3; VAR wrelb: frame); 
jilt b £*»■ J-^ (*^l “rLr-® b^J ^ b _/b: b u^Jtz —^ b jLj 

j "-r'v^^ 3 b^o b jilt If * jijjc* —■ iyj^ d>^*j °/m - L 

jb' 'r*j~* > b^j *! ‘-V® bb*j ^ b fi* ‘ < —ij 

!(X:b Ju>l>- 

If i >I j A —ct j~ efjjb (j^*^« "~ '» cjU JjU* Jj* u\j> j> j [T T] 

:XlfjliJ (jX>. 

Procedure KIN (VAR theta: vec3; VAR wrelb: frame); 

Jilt b £**• 1*^ “r ‘j~* bki to^.j>)jilf <-rj ~-—f J u-jV- bki 

!; La j+*~ * 4j j\jJu jilj >■»■«..'< <w jJc> jl«J ° / TTY L 
■ 0 Lj 4i -o, . J ijJt j^ j ■> tjL^j f J^i 4 ..^L»s-4 

<U JuaI^>- jLj »_j 

,3*>i _,_jLaj j! T L ‘Sj\yJ TVf Ji-l jj [ \ f] 

( jm ) \j}p ji [; jb;l k ijt jl *-^ l *. ~ ...J L xL_jj .ixJ >^X*^« 

oLjj 4^1 jl .1^ }j* ^-\j^ ji qT jli. ji (, j| t C~^/» 

jb* , ■ i; ^ i Lr , ^ {7 1 } j {G} ji jJ ^<« jjc—brrH^» (jilj- 1 

^(^4.i,fL.ii -W iiwjl frjul /IB 4 *bjb jJ'!^ b (w-^) ■— 'btu u^ 1 

•g^ 1 J f ^ j-^j; f_X ij^j* b • i j- , (j > 0^ J< ' ‘^bjj J> j 

b (?T) ji^l u- c-»«/^4j {j\j> 

t(u^Ji) rr-r ji-2 txi «jb jLu b\j ^ l (jjjL [\\] 

-I L^il <^j jJa 4 J--oL>- ^ jjle^] C^-A4 j fT J ^T* Ja^j^ 
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jdb {J* kit, J_jk ^<jr* dJ*** 0) j, {• } ,6\ — 

^ {"} *i *■ "?**■* i 1 x/b ts^l o^* ^ P iip <jU k 

.Jijjl c—^jLc ixS^ 

J jlk* I; ( _ f kjLl_w (jUJlU* .(V~r (jlXl) jdyyM IjlSjjl tfLi [^3 

L_.i ~—4 (jtf 4-_iUw b ^ jL a iu (jLLj Led <Sj 1 (jU- x) b ^ (_s_ r ii^>. 

«^ h «».■« jjjI <_sl*k.»b jl >■~--\y j * 1 jl 

•V^lX* i» IX^X' :—^ ^ wy?~ ? J '{J* *~tj J-* “r'.r"* ^ 4* 1 

juki j,jSLji; *_ l oi^ c—i ^ .rr-r jsj, w] 

jjj I kjj j (_flAjX-»bb _j -CmJ (Xu ftiji jLw i XZ . m'i L* 1 i X».S ^a 

X-i^S I Joy (Jiijl r l ^.jjl I, C—i £•) Xjy Cu-uiX 1, |»>IS-* 

s—»x •J.r^ ub^x* 1 1 s-k^ » jl ck-V> M [° 'M 

5 x^ jL [f-r) rtJil*. jl 0 U 1 J l \8 j .d ,a <a) 

i»ji 0 L J*L* (_,S-ilS-* <_SjL>k (jl/ [1 Jka-I [ \ i] 

.juxT q~ju iC^-ul 6 jul oxk jLw <„ydjl 

a) a j a J-\j^ J 1 b olx^x 4 b ka* ji ki- ji _,a ■ djlk* >xi 4 ii? *£*k» [V 0 ] 

(_ 5 l<L»ui_o _,-5 *Jui j>_y-^ 'jy*- 1 J - 5 (j^ kjlj a j ki- jj Jjk 


^•-r 




\f-r 



.(\ \-r l rTnoijj rr-rjsb 
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A ^ 3 * 1 ji o*ji ^ ,h o^* 1 (‘-■'^ 3* *^ j‘ *“* iljs 

t7Z L (} AjaJU jl aJbjJj >- j *713. L p 

. ^...» jIj ft ^ fl (^l^> 

j> m j-ai *S c 5^I;I <— l c^U 1* ^ A] \ A”Y* 

.-LI? iC—I aJui a^li jLU fA _ r Ji-i J.i jl 



.(w-r ^>1 tr ^sjisl. ^jjL ^ jl-li^ ra-r jso 






j *U cjUjjO \ V 0 


j -LlS* (j\j % \j -ia Aj [ ^] 
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®Jui oli jLU rv-r | J£*i j± -laj[f 4— 1j Oljj [; Jaj[; [ ^ 6] (^W^} 


e JLl jL^*j rA-r jJ *5" Jaj lj 4 ^*j L oL_jj (,?[/ jj -iajJj (jj L^» ^ D] A-f 

jj ^ y t .. i 4 1 * ~ - - -■ I 
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.lt\-r 04 j --)PPP J .L u S = ;ISL. tft ,l s f\-rjSLs 
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A> C*«.») <—ii ^"' rsa "* 

b *^*y yj j£*. J* j* \j u_ L . 

Procedure KIN (VAR theta.: vec3; VAR wrelb: frame); 

.CmI (a*L ■ .j ->~j 1 1 Cw^ L^r»-) iy T «wrelb)) ^1 a$* 

Ojj ) .Owl (Y x Y) ^1^4 j Aj j [1 X Y) ^h*^L Aj j j j«j <( frame)) 
jl (r x r) ,^~jh <s> l j; f rame ■Vlr'cr 4 ‘ck^ 

./\ — /f — ° j Am :C-W<I >1^4 L ol.^,x>i iC^.^1 [° 0 ^] 

.Jl^" «C- &l£ jL .»j I Aj i.„) j^i ^ jjpj I (jliw* *S ) u -i j!j 

ChwI ^1. (ik* ,4 ^^yy.j 

Procedure WHERE (VAR theta: vec3; VAR trels: frame); 

^>Ij j jlj*l iZ-i 1 ■ A»t-I j\ JjL WHERE 4^liji jtj 4$ C--h-I (j~*l\J 

J T T iy^* .Ju S 1 3 Ll^wI ftl&Lwdl 4j Ca. .*«< j\j>\ ^?V4 4-—il^-4 {s]y. ^ JJ 

i Zjjy~&4> ’o^yijr* jy \j ji-*^*-* (jiO ji J*L 

\>J WHERE 

iJL—jA> ^ {S^y *&■ I <S^> j j\y\ i <S^> ,T* 


1. Global Memory 






jth (jUjjU \ Vf 


jjjl> oL jj j\ »Jul5* * ale ■! 

tT = [x y 6 } = [»/\» ,Vr »/“] 
fT = [x y 0] = [-»/\ -,1“ "/-I 


*v?) **-< *^—jl —> ii JyJ 3 u^-> 

(«*y> 


0 \ Or] = [•/» ^ ° / ° - \»,«] 

[6>, fl r fl r ] = [_rr/f -r°,r f a,- ] 
[^ <? r 0 r ] = [\r»,° fv \r,«] 
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jjub 1^ t * ni 

<JtjjlJt \~f 

pJum SmJU'jAj »I 4j C%»J lj j\j*J _J jl$w« Cw^ 4, fc w »< 1 ^1- J <11 j3 

Lr^ 3 ^ 4 <j~ mfIj ji L uZjLj^ jl ► JCjT eiliJLwJ JxwjJ 

Cw^ L * . ^ j4 4jJlJa* |^ *^J <\% ^tl jj .^^1^ j[/i 

^j-L <? *4 ^L Ijj yI i— j i 4^ j[)#l j L^•> • ■—4 j 

*j !»■> 4j |^ 4>^i r ^j.i, rti j 3 5^^ L?v4 < XA 3^j4 j lyi Caj u^ j ^ 1 j $ |^ * Zj Ij jj 

•p^u* yj-JJ. 1) (lujlj J-ai Oil J-> Jj l -*-^“' 4 (* J *‘ —* 

*t £~—> {^} jb;l jL^—I tsU a jj"* lt*^ 4 tfljbu j->/ lj~ ^—* J»- 

4_)ijjl |*^*^ Lf^ (^I^JjJw l-^l p*** 1 ' 1 ' 1 ^ »&—I >—jl Q >• 

{j\j> Ji n . M * J «H^y4 «{.£?} i4jL L^»- *i ^r—* , { W ' } ‘ C ~“ J £■* 

■ (rr^lj^ •■>Li ; ~J j_ylj jl Ljliijj o^- 

o*y.ji'kJ > 

!< J jr*^ 4 ( - y^r J ^ w4 U>JU ^ U..^ v (^LfcAJilfc* j^>- 

»«L* # 3)3 (^LaaJ^Ix* .| |I.^ IJmJ J f O n 2 «' I^T i J^ r ^ t^.>.ijc jfiliL* 

i-4j*J kZ-^ Lj ji Jjy 4 I* ...4 jJ 5 jL . -i> Jel> J$ \j ^Luj^ j3 

(N'f - ^) ^LfcAJ^Lfc* j"^ j l-^- 4 (^3-Xc jJji-4 ^ 9" Cjjy*£>4* pT L 

.^>jjl C - *^v34j \j Oy b Uy U L<?** LgU^j J XyS lj 



(_f UjjL 1 jjjlj [to—,. \ T f* 


•-ijlj-^ «( \ T“V) (jlxl^Liu* L j\p\^L» c£jj^ XjL*) L^-^b (j**** 1 b ^jjb L^bi 

... i jl 1X4] o-wwj^j <• jJ <1 ^Lie* 4 — I4L L*) .C—iJi l^>- * j 

jJj^j C - |» ...i j) •X*! i ^m )J 4 < 4 —■ 4 4 £jjj 4 jJ L>b^^ 

^1 ,XLAi^4 £ . * .1 |^ ^ t .. * L 4 J. 5 ix« . * al£x —j t^X* ji l>^*^ 

b ^ybju * -bjjj- 4 Of~r) .xil o—I * l^I Jj* j ^ 

>.!■-> — < J4^ i ^ 0 L jk„ n L Q^’ tjj \ : ...> a5(_£ j^aAj *X J» jl— j L ...1 Jajb (_^lAjX^b Li 

dS I _Jj ■ <■— 1 *■•■■< I j M ^l*Jj M J -Ll, csl|i!^;ljl coU-; 'uPr-^ 

c^LaJ jlx^ i(-Ajji,.^ajJ^i 4*15”(jl a 5") i^ijjl 4 ^j 3 ^ l» ^JkS* 

LjUJjLu j&L-j jA jJ 4&L*. .j_j, XaI y~ (Nf-V) (jIaaLL* jl __ t.d-V... 

tj-^Jji ■!* Jil** (Jj- J (jl^l^ *yr} "Uily!" J _>=rJ -X "^—I Jy*-* iX'*'jX 


4 j>j 

i»iLw jL 4> .j^L j ^aL lSj^ i/ L ^ai 4> [ 1 ^l^p- j_ j>-_> L 

• -1AJ ji/» or—'j; *-~ ? ' J " i> jl "—“'I jJ ^ uiU' (^r=V *5 O—.Lin jl Lf ^y > - (Jj^ 

■ ■*—'L {Jj \S (jLiit ji 4iaAj 4^ d-—' jl i_ 1 1^>. -1^^^ 

(j*t• ^ IT'-- : ~■ 4 j|^I 15" (j-L^i j| 4i[S"|j^ jju C-^^I j" ^ 

“ u - 4 ^ -^l_y(_^4 ^ jl i^aL (Jji^ (J Li* 'ji 

(JJ*-* LO^” tfL-*** j! J* jJ S Oi^- ^ Lf^r^- 1 jl * Jj» 

tjt^LSST-* ^ C—Lai jl LSjlS - LfLai .j,|j .IjiJj CJjX-H- (Ji^ 

«_/aL (^$jL i_sLa> aS"c.^—jI (j—-J^L jl 4 ^ o^>- >—L jj ^ilj^ jjlj/^* 


I -^li u 

. c^ --<I ^^3 (_^jL l.a» 4 ^y j 

J- 5 I -‘>^'(J^ t - > i J J^~" J* ^ 'l 1 !/ ^ (jS-ili-* LJilL (jLiu 

j3 *3j J>ly^ T/\ ^ 14 —p 4 1 L?jl^ (^l-4a> #i5"jl t/\ ~ £\ 

3ja-j jtl* (JjH (^Lii .tfjl .i ( # / r ^1 .C~) 1 j_ 4 iL2 l^- ^aL ^jIS" t^lXai 
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0\ j ikJuU i^JujA* (YV~f) aJ^Liu «l?jl t x — y — 0 £\ Cw^ a* ^aQ? 


•ij* <jjLi>-l 

{\-t) J (A-T) tfUJjL, jl » ^ L lLm I L J^ J I^T lj» Ul^ 

■Jjjl CuwJAj 

Q\ -\- Or -\- Ox ~ AtanY(s^, c$) — <j) (YA-f) 

(^LfcjjL o^i^lx4 J>. jj .(jj|»jul C^-^Ai 'Xi 0 r j $0 0r jl j 

Cjjj^paj ^(YA-f) xjU ^jL|JjLc L iOiiujj3 e5^c_4 Jajj^ a-/ L ji lykU ^j5LjlSL* 

x»^ju jL—; *c^wl Lf Lfiio c^LIjj 




\Y\ iSj*: 


^1 JjJ-J jl 0—1 OjLx ijjS-jlO— Jj- (Jj**’ i4*^Ai» j^i?4» 

C-tjy*^ tflfJU jl <jjL- C^j/ *-^Lj *J— <C_>*LiwJ- jl ,^>■•1^ *S 

{j-’js. \j ^ycf) jl *>y* y* *u~jy. Cf- j- 5 •<-*-'I *y?y c$l*4j.>l** jl 

-iL-wJ (^^4*^*!^ Ui^ ^jj-* (<—jljL ji) C^j jj 


J>j|j 

4— *x~a *jaL 4 l——— ij^ | j~*£~h ojL*j ji 

Ou 4 ?) L*jjL jl tfjlf-— jjjl - 4 j OiJ'a.i*^ 4—.X.A *{*.....4 X-j*- 4# jjl ^LaJ 

L 4 (^Ujj *«tU^j| j| ^ r -j .0-1 jLI jL-— ‘(ofj — ±V° l ct, — ° 4 ^ 

JS-i <^3l;l 4*.j* 4— L (jjjL ii« — 34i [Yj o >Iq ... a A— iX± |J^«^I jl ft^LovI 

I jjL Uj + 4^ J , a . » 4 4— Jl> jl L^: ...4 i— jj>- L tj\j, jJji.^A *Y~ f 

f-O ^ {° } i—-ia»- y ily *l\ jl oJ— al>-L-/ £«JtL* A“f j$ 

4^ I j il* il * l+~ .y -la->- .0—1 »Jul oli jL— i{T} i—^l^»- 

L -ijy {f} j| ^L-i. 4 . jJ~-j ult 

*-«--_y t((Lfw^-S’ jjjti)) jl o liTLj j ^ ii>. L » J~L 

z t + t/ = /[ + / T f - YM r cos(\A» +fl T ) (TA-f) 


crj .COs( ^A“ + # r ) = ~ cos(^r) j^- 


Cr 


X T + y' - l\ - l r r 
TMt 


(r«-f) 



■ J»it) l> >jLjj u:L»*JiLt. J*. i^U—. i-Xi jl ijli^-l A-f JSLi 






Jjb lj LSjl—•* It (\/ X T + J/ T ) <-»-l* t aLoL *S C—/I jl .CJL. !y\ Ay-j Jo jl 

il >^4 jjI ji xL <cJi> I {j\y m *xl *zJjy ^L-U* pLj^ill ji .xil (/\ + fr) 

fji I <J--L ^)L jl £jl>> O-iA aLjL j* >*j$ l> i3j* >~ <-* > * «** 

J ° jl-^« *l?jl *ijli ^ j\AJt 

\j ^r 1 A~ T c.*ll<«^iil Jjldj L^i* |^j j CwJ 4 j — ^ A 0 0 

9^ — j*}j{ 1 j^fl* 4 jl A-iLl^l L j(jt^4 l (*~"*" , l *Jui oL jLl* Cj~-*~ ^ ^ 4 I. ..jA. 4$} 

‘AJ} I 4 ~ -1 ■' 3 A> 

0 *t.>!j -f>tj^ c—i*> A-f ji i» /? j ^ cjljljj c*-«l (yl^ <0* ji/ Ij^ 
jl 'OtLi^ Aj- £*!> CjLa^iu £j jl lX y jJ AljJ^ *J/ j x 

pT— iytj* 3 ps^jy ,J I‘~ - I AtanV 

0 = AtanV(j/, x) (H-f) 


: fT“^iy l^t l) V 1 J f»=—i_yy 1; Ifr^ ; — ^ jj<li JL- 


COS -0 = 


z r + y r + l\-l) 
T l (V /?T»' 


(rr-r) 


. X«i L ® ^ Ip ^ \A®° Jo l i( W ” T ) 4J3J \j % Sij} I Jo Jo JuJk j^eauA At jj\ j 3 aS 

jj Lfl» * J-*I CwH j C~wJ jL—* ^ 7 —'-*-■* cAl> ^ 

ptjl^ ^V- 4 iXL#^a ]ay^A m I * ....a A—^ A (^IjlAi aS" ■ ^j ~“ * j^ 


e,=p±ip (rr-r) 

• J jj(y j^*i &r > ° cJl*. jyiA c-j'iU j 8 x < ° cJl». efU c<A< jljj aS^ 

CjjyOA, -ti.j J jlty-I L jlj4’(y J; lljj lA^viLo jJ A^l A; A »-y L 

'■ 3 y-‘iy A (Jr^T '( J ^- 43 14 ^.jb *«- 

0 v + 0 r + 0 r = 4 > (rr-r) 


■ JLt J-LT A h .i^A ijjy aJjLla jl I At It 


t/lAU>-Lb> 4j JjJuj jl 

<-^t Lj^-> C»—<1 (j&^* A> ^?| IaaJjUa ^1 \ji_j iC~-il j\y^t (t_S^11*— 4 (^IaaJjIaa 

-I^Ijj o^y. jl&» It ylt cos 9 j sin ^ . . . y •_—LcI LI ,JC-iL al^L [9 xiL) jJc.* 



■y. JYcr* ‘S-j 


^ f ^ AJ JjjJ Jfcjyi* jl (JJ>llj 

Wc- 


24j U SiL, 

6 

7 

N - u r 


u = tan 


cose* = 


sin 8 — 


N + u T 

r u 

\ + u 1 


(ro-r) 


41 j3^ jLS ^j L ^ ^^ j L *<j b^LlLwI ^Sw L » ^ ..¥ (j>ljfc a1.>1jl4 j} (_g l ^....)jl 

.^j5" Juj iti Ju3- C^ijy^G 4j ^jUkAjilx4 4j 1*1-* (_5^*J J 1 jL 4 ^Ycr* 

• I »xj (_jUjL»oIj j jl «<—Ul» 


r-f jt- ■ 

1^ e? Ajjjj - ' , - 1 ^ ' Aijlj 1 n '"’‘ Cvjj*Ij *— '...v j (_gl*,i*-w>- 4f [/^j Atal*-* 

C--~~2Ai 

a cos 8 + 6 sin 8 — c (ff-f) 

A^wj ( \ -|- aJ jl«-4 ^ j * j 3 _j (l**T) jl 9 jLcLwl l 

aO-u T )+r&u = c(\ + u T ) (rv-f) 

ptj\* u tS^lY *■? - ■•'■ * •.* vy jl iy-i 

(a + c)u r — Xbu + (c — a) = • (TA-f) 


u ■ 


b± Vb x - a r - c r 
a + c 


run -,( ^EEZH 

a + c 


1/ l^v! jj 

(rw) 

e »>* 34 | $ ^1^4 j 

(T-T) 


^ 1 * 1 * tjuii (r^“f) a^Lu ji u j^jjl 4# ji’f 

^ j ^ 1 <~J>k Am/ 1 .i * i g “j - c ~ ° ^5”J 45* . jjljg i ~ w 

j* J L*i_>- I« aJ j Ll 4 ^ I ^Jj*. (_j J^ »Aw <C-w(_jIS^t^ .0 ~ \ A ° 0 

j (f*A“f) *! * ■ > tlr^J oW 4 *jj-^ ^ cJU 




jjjij n t y 

.iU-ul *J_jl ^>-jS 4> JjjLu* (jJut 


jl ^1—J jl iXjli [A, A] C__| (_jlj/l_jJ^ if Ifc-jJ t (^L^JdjLji- Ju» *S kil jl 

i; l+T J~*$ L f 4 »jA (Jjr? l jlj*tx* J \j yV* 

.XJl^.^ Caj J> Jjli (* 

Sj j> jjx* j+jL J> Jbjj 9 -f 

^* m <{ <—jI_j>- cJl^ 4>*jJ *o(j jj 4>* <Ju* CjS> £jt\ jl ^~*> 4^jll^ 

^ T] ^ • ijjT < % .iiA4i ^. .11 Ij ik^fr C*w*k j* j Aj l_yl jA Li I lAjljJ 

4 ^ aAi L> jy* *** j^ \j t5^b^ u~~* ^ tsy^* ^kilk* (_£l>jjL 

i S‘ M ‘ cr—' J* J J ^ <-*!/! J \ \j u"i> ‘(J-*V ijjl J- 1 ‘*j$ ■ r iii5' ( _ f -< jkj 

i^LjdU- tjljij-il <^±i -f^iy {j-jy. ‘<^—1 <S'y.j<jL -^Ivj^ y^ jy *—j l*^ 

.(. y <.,..i j^ [f] ^?y J»lj»y4 iX-*4j^,c i-iijI y* ) j\S <i jjj t^^ylS (^1 q! ^ii -* J^L; 4 a 

.j_/«j(iiwl cfLf^ij _r-~: u«U jlj'Lr' iAiu Oi^ J^ 

■ { f } -k^ (_$Lfi jj—• c XSS jki1 kii iko jA jj jkjij ^*-1 jy^ 

C»wl 4 jL jA kij oLalju . Xy,y jj|j ^kljj 4 L V. ^| {^}j ‘{^} 

■P,ORG = \T )T \T r PtORG (f'-f) 

i—^■i ty ij\ ji^m li ~ T (^Ijl^j (P — Y - ) 4k|^ ji <j j ~ ■ •■ j 1 L L 

(fr-f) 

L 

(fr-f) 


3. Pieper 

*-- , .L<~i J i jj Ij Uj i-^liAljiii- >* Hil>* ojL* jy-* *- LfL * 1 cfLfLj^ •1' 

"^LT* 


• D _ 1 'T 1 ' 'F ^ T 1 

j fOflG — r J 


a r 

— f 50 :f 
df CGf 
\ 


1 PtoRG = ;t ;t 


7^(^y 

/r(flr) 

/r(flr) 


\fT <-d tj]j> j~A> m \^U 


'/>' 


ar 

/r 

/r 

= ;t 

— c/f SQ:r 
(if CQr 

\ 


^ 


ji Ji *s 


(ff-f) 


jJ^ c~o* fi djuu tflfjL* .(Tf-n^ ;t (p-r) ikj, j' .alt -1 L 


f\ — <irCr "I" (IfSOtrSr 4" fir 

/ r = a r ca r j>r — dt-SOi-COrCr — dfSOrCOr — d r sa T (TO - f) 

/r = a r SQr-Sr — d f sa r 3QTC r 4- dfCOrCar + d r CQ r 


^ r _j,j Ik (fr-f)jj ;r j ;t i, (?-r) ik^ij 


PtORG 


C\<?\ — Si< 7 r 
■S*<7\ + C\£t 
flr 
\ 


(fP-f) 


jl jJ ^ 


</\ = C r /\ — Sr/r + di 

f/r = SxCOt\f\ + CrCOt\fx — SOt\fr — dxSCi \ {^Y-f) 

g T = SxSQ s fx + c r SQ\ft 4- Ctt,/r 4- dtCtty 

p;jb i'ff’-'f) A< 4»y L ' PfORG J l-£> ^.r 4 >-^ 

r = </' 4 - (Jt 4" ffr (A-'f) 

^_jb <ffi cjU-*, (TY-f) j| olt—I L l 
t = fl 4- fr 4* /r 4- aj 4- dj 4- Td r /r 4- Ta,(c r /, — Sr/r) 

ftl&I—O *-k Z AaJ_j 4 4 j ij^ aJ-> La— ^jjl Jk 


r—ijis' jtj 


r = (k'Cx + k r s r )ya^ + k r 

z = (k\Si - k r cr)sa\ + kf (6»-f) 

oW 

= f\ 

ki — —/t 

= /\ T + ft + /r + aj + d x r + Tdr/r (A\ _ f) 

A:f = / r co^ + rffCQ, 

iOjj-04; jlji 9 r 4j «ji» 0\ jl ji l^j ' C * ■ M1 (A 0 "f) <J^ljU4 

-C*~. I *Jnljj tfl.jL 

3J*i3J JLJ l “'lb- 4 —< 4 ji j-*jjl C...i3Aj {j (A“ - f) JL- 

*(^r) t -~—'ii '-ijk ■<—*«'l f jl jj a? i?" = kf |»ijb >i5jl id\ — “ £\ . \ 

|*ji A^-^i (.jlAJib-i «(rA — T) aIhJ^ jjjib jjy jl # . c . — f 9y ^jC^jl 
J*- 0 r ^jZiL I, jl jlj^ ^ tan H 

jl ij— i jr 1 l^-il z jl ji a5” i -2 — A? jb *lJjl i50?\ — ° jf\ .T 

C -*.'i4j jl jl Ij Of a5” 3 yJj A»-ji ,(r) Abilj j] jilijL* 

ijJi ,J~a> 1» jjj am-I^ b | ^iS^a (A° - f) j! I; Cr j -Sr »l£lb- jA~* _p -T 


(r-k r y 

ta\ 


[z-ktY 


5 'Q, 


= k\ + k r x 


(M-r) 


JjJ-j T a>-j 3 jl ^IaI iL^ aj iOr j_jL>-aj (r*A~T) aLu!^ jibjl^i jl lAJiLu ^1 

'.ijjj Cw3 4, jl jl I; 0f jIj'Lf 4 J 

[> iljLtAi ^ ,(9^ C —\j (6 w ”f) ililju «^r i^-wUv* jl 

■V^ 4 ^\ 

C*—I l _ .i * jt^j iLjl j .^ 

f\ 4 - /r + /r “ + +4 + fl ! + t'rfr^rCO'r + t'arflrcr + tard r T 5 ar r sr 



^ f A i j } j l ) jl ^L^Jli^ 


^jJ Of^ 0>— J-x \j Of j ,0 C tOf Jill <a1 * . ...4 l J 1 ^ j $j$ j^ku.«4i 
j-il Jailj ^ If- 1 CJ^IjL? iJul 5 ^« jiaJ aLuJ iSst jJ 

Orr*’ 1 (_y Lj-i C ^ .>i jl *jLaI— I l JaJj \j lljj <jj| a>wJ j j JuJkJ^>- 

C/**- * = * w L^> T ‘^\ A^>I j\ y^w »pJjjT C-^«-/JAj ^ R ^1«J i*J—i 

.^Jj! C-vw3Ai 1^ <0f = D cJU jJ All A C-, _. ) {f} Jail^ ^^>-jl^>- 

jO J-^. i~, J«£ j)= ji L^' n^ySc^p. (jjl l {?} ojL; 


C--—>^y jj l^y ^4 t I 6 J—i o ± J i ^ ft a)L~+~4 j j i Of*" * *— «■ ■ ■' I 

P*U. = ;*-\ = .;tf (or-n 

libjjj J 3 " lAxi b jl^y* b *ij!j *— C/J <j*^> ,ljUj^L jl (_JjL—, _,j 

« L (Ji/L jj a.— rb*^ f/?| St _. Jj_j^ (V Z-Y-Z jJ;_)l 

li/A ^ ^ 'J^.X^ t-Sbbu j I Oj_j~oAj u^l#" b jA ^ij!j ^ _j 16 

‘Ijfl ■ i ^"J V'l^ >A b' * 1 ** A—, (ij/ 6jl_j-fcA *—~«OAj lAijjJLi Uj^ LawL< 

,}y J_jI ^.SUa A«/ i^jji bXX IjU tj\^j\y-~ 4v1jL_jj (X\j* l^b»- jljjc 


y>l« (jjjIj i^SwL*^ jl V 

4 -*j j ^ lPjj ■ | ^*J j r ir^ly* J^*i o'* ' ^ lib; b jjLib l -^r^~~ ‘a—~ <>J 

j5"l .ij. (^xji —• j uj^r o 1, —* ii^ J liU j ‘li^ ^bjD i>J jl o^t lib; 

^JS cJU jj Lfbju J=. Lfb; A; (Xi J^->b ^/J-X! Oi) 

^Uj .-i»fJ_ j— jaL tibijjL jxJLy, iS\j ^‘LLt j) [jj!~w L) c^~.i<b 

.XAi^ 

^° bij-j 0 ^ 4 -jjj oljj 

(_jU*j^U^ ‘cs^b^ ^ j J lA-' b (_?b; cS/Hr lAjl> ^jl l-=v_l 

L isj—4 ^bl *b A tA* - b• *^* j-* a5" b L*.i^-. 

-C~-l jL-^. [A] lt'XJ 

6 -^ L$3X£ ^LLi O jy-* 3 A> p T *S C^vwl l^lA j$ 0{ <o^b^* X j 3 j aI^Ij*-* b^ b« uj JJ6 

j^L tix 



r-,\ 

r\ r 

r\ r 

Pi 

r T \ 

rix 

T XT 

Py 

T T\ 

rrr 

Trx 

Pi 

0 

0 

O 

\ 


= \T(8,) )T(9 r ) lT(9 r ) lT(d<) r 6 T(0 a ) *T{9>) 



<J U JA djjb > 


UP 


j\j» LJjL jJ 8\ J>Li (jUaLk^ jljJ *S Ijlj 


\j (of-n u>i~ 

“V 


[;n^)]-' ;r = }r(«o ;T(« r ) ;r(0 t ) ;r(fl a ) ®t( 0,) (aa-o 

j' 1 j“-j * laa-r) ibi~ ijt 

C* S\ « 

-5, C, " " 

o O \ e 

» o o > 

'-*jb J j * J L- li-'V tlrtJ «ib f J-*a» jj (\f-f) ik.1, L ^T jl ji 

‘ij*" (_£JaJ} b-« j-ijjl j La v >l-i>- ULt J-3 

A-*- 

jj (V,f) (jU^ j a ' .,c jjb L 


T\\ 

T\r 

f\r 

Pi 

r n 

t rr 

J-rr 

Py 

r r\ 

f>r 

^rr 

Vz 

° 

0 

° 

\ 


= ;t (6^-f) 




-S\Pr + C\Py = d r (aV-T) 

jij Lf 1 ^ 1 <-*Ur-ijl ‘(3y L cfW.il** Ja- ijlj. 


Pi = p COS 0 

p y = psin 4) 


p= yjpi + pj 

4> - AtanT(p y ,pj.) 


(CA-f) 


Jj a 


(<*-o 


UY-f)^ (AA-f) Jib^ L 


— S\C<t i — 


d r 


(P-0 


l**:jb J>v» A-V J^ 4 ; l* i 


\fY J*\* jj;lj j\ 


cos(0- «o = ±y ^ - ^ 

<j>-8,= AtanT ^y,±^\ - 
0* = AtanV(p y ,p I ) - AtanT (d r ,±^p r x + pj - <ff) 

ilaj|y ji u*~* t -~ , ^ e lit; J C~t-« C-V]^ (J^;) 8 \ till! ^ A~^ 

L i* jJjui ((^“T) aJjU*i ujjlp 40) j-t— 1 ^Ai ^ •A^Lf^ ((^’^’"Y) 

i(fl?'-T) «_>ji> jJ (T-f) j ( \ _ 1 f) (jU_ , . n. c jals jlyi (_£jl—v> 

C\pr + S\Py = KrCrr ~ dfSff + a r c r 

—p 2 = dr^rr + dfCff + (^0“Y) 


uiU*" 

(PT-f) 

(^r-f) 


^ L !, j jl \y * j, (OV-n j Iffi-t) cyU-J^U- ^1 


GfCf — fif^r — /i 


K pl + pl+pl-a\-a r T -d' r -dl 
Ta r 


(^-f) 


jl ji *S 


(PV-T) 


AtaLw Ai (^'^*”Y) Ajibc* .Jkjljw 6 \ A* ...Jj ((^^“Y) a] jljw jj a 5* A^ A>^y 

(jAa b j ■*b lJ «a>L~* ^yiLA-« b ^yx* AvA j* _> c**—\ (^Y_Y) 

AjI £*-»* 

8 t = AtanT(a r , d f ) - AtanT ^/v, ±\ja.\ + <ff - A' r ^ (fA-Y) 

. 0 f OjUc-i u-»[^»- ^ a* A - f ) tx*“* ^ 4 c-w*^-c 



l*jjL jjj!j ^ f A 


dS C~i y (Jjjp I; jl jl dS Jji J*> J* [) iLl, «jLj.> _$\ 

l/*t .-Lil 6 y 3 (jl** jyili* jl Jaji jj y»»- tj Jp 

me r)]-' ;t = r f m) me,) m»>) (^-n 


c > c rr 5^Cyr —Syr — ar c r 


r \\ r \x r \r Pi 

— c \ 5 fr — ^ \ -9 rr ~Crr fly^r 


rr\ T yy r Tr p y 

~3\ Cy ° -d T 


r r\ r ry r rr Pz 

o o o ^ 


O Q O ^ 


OH (jUj^aLc jjlj j\ji (JjL _4 L r J~ia» ji (\ \-r) Uii»a jl jt jija 

J j—‘(V° ” f) ji ji ( Y , f ) j 


C\CyrPr + S\CxrP v — S\rPz — flyCy- — a r 
— c^5rrPr — •S\-SrrPy — CrrP* + ay5y = rf f (Y\-f) 

ijjl ilwj* (jjl^ J, Cyy _) Syr J O Jj- jlj'u' 1 1/ UaJjLiw ^1 


(~ a r — gyC r )p ; + (Cyp r -f S\p y )(a, r Sr — df) 

Pi + Op* + 5 'Pv) t 

(a T 6r - rfQp, - (-or ~ a T c r )(C'p r + ^^p v ) 
Pj + OPr + S\P y ) f 


(YV-f) 


O r*l> O Or-t \j &t ) 6r fa**-* 3 i£>L~* ^Lj; jj jj^l m 0 y» 


e rr = AtanY[(—a r - a T c r )p f - (c\p, + S\p y )(<i f - a T s r ) 

{a T 5r - d,)p z - (a r + a T c r )(c,p r + Syp y )] (YY'-f) 

^yy (j[n (®r j jl ‘ vl+=r b b jIjuL* (YY'-f) iJjUj 

>j! j;j e r k->l_y»- jl+^ 

0r = 0 T r-0 r (Vf-f) 

*^IL jJJk-U L (^l^i <w~-iL4 

n r j\ji 4 L .c**J (^° iljl*-* i_^>- 



^ ^ jUjjU ,'n i l i jJ 

ay:^ ^ .IV—f) y.u. [r,r)j[\,r) 

T\rC\Crr + rrr^\C Tr — T^r^xv — ~ Cf-Sfl 

~ r \r s \ + r rrC\ = Sr^a (YA-f) 

3 j_jl [| 9 f ,S 0 i 1 ° ^ t 

8t = AtanT(—r\fS\ + fri-c^, — Tu-c*c rr ~ r rr^\err + r rr 5 rr) (YF’-T) 

<—j ?*_j T ^Laj^v* jl *S ijlj _jjL >^o = ° _^l 

Ly _> ) ijli iS tjjr? ^La- Q 1 ) ji -^ib J j £ji> l -^i j^wI 

1^ (jr^ ,jjl -C*—I _j $f (_jlj]jj I; ] rr 

Ijl _j (Y^“f) ji At an T Awb—i jh ^y—'L L)[y 

j j 4 '(j -4 *— aj IjCjI Of <JiwL j\j*j m cJL^- ^1 ^I. o*^L jJ^i 

•pj \j ^jl tOf. j\Saa 4j 4j »-y L tOf 4..-Lyy« j I 

Of j fj}*+ Jail jl jl <Jjb C —~y lj (A T~T ) iJllfcj 

• iw L 

[fT(0r)}~' ;r = jT(ff 6 ) ;t(«o (yy-t) 

C^14j j*j ^iajjj jl [jT’Jflf)] ' jl jl 4^ 

C\C^fCf -f - *S\*Sf 5>CyrCf — C\»Sf —SyrCf —flfCfCf -f- <if5f — flfCf 

— C\Cff 5 f -|- 5 \Cf —*S\C^f 5 f — C\Cf SffSf dfCfSf -f- dfCf -}- dfSf 

— C\Sff — S\Sf T ~Cjr fly^r — df 

6 0 0 ^ 

(VA-f) 

{ ^ t_$ La j-* ?' -1- (J_,L_4 L .c—I *aJ-> V ,J—<ai jl {\ ° "T) XIaUa jA JT 1 ^Ju 

^ (VV-T) o> ja ja (T\r) ^ 

r \r( c < c rr c T + - 5 \-St) + ^r^(' s ^ c Tr c f — c x s t) ~ ^rrl'SrrCr) = 

J"\r( —CiSrr) + ^Tr( — ^\^rr) + ^rr( — Crr) — 

(YVT) 


■ ±j£ { y J* ji T U 1 n i- fcji; jIjL. L I; fit ^^*44 . \ 





lj-{ 0~^ l> ^6 j^LT* LT-i 
8 t = AtanT(3 (1 , c 0 ) (A«-f) 

‘lt'Jj 0^* ji 'jbj 1 * «l L .J^jl u* (V\-f) Cfl j Sq jl ji *$• 

jij ^Jj~a*j \j 3 *r— [) (a^ 1 ) - ' 

(;t)-' ;t = *t{o,) (an-?) 

ij~^ By ■(YY-'f) Ujliu {jjL ja jj (\ ,\) j (V", \) y> L 

By = AtanV^s*, c*) (AT-f) 

j! j* 

Sy = — r n (c\C r r-Sf — S\Cf) — rn(s\Crr^t + c^r) + r r \(sf T , S'f) 

c* = T\>[(c\CtrCf + j\Sf)c a — c^SrrSa] + r n[(s\CrrCf — C\Sf)c a — S\S r rSc] 

— r ri (s Tr CfC fi -f Crr-Sa) 

l>4jaU^ ^jjl ja(1p (PA-T) j (f , 'f _ f) jj b *-* 'r-- 4 <-5^-*^^ ijy? 

. C^—134 ujLjtj £-* *c-JL- csbi 'ui^ > .Jjjli 

jjIjj «jwtr ^ ■ U-. i >-y^ j Lp- L jjp L'-~. * 

a; = By + \A°° 

0' 6 = -9 b (Af-f) 

(9; = By + \A- # 

-i y*-) L^J jl Ju-l |*j"^ C «i«i ‘tjj* iwJj^ C ~ . * ■ A^A jj 

ifl^jL»,. i L jl 4i*^l jjjLi* 4 c-5^ ja 

,jwv i_^ ijCj I tC****J Z-^j ijv, ^aL* 

L-f jUjj^A 1 ; 15 \ j b ob 

iX« ^ ■'i * 4^il^L-t jLi^j-. oLj^i «JL^« ^il 

^ i/s-3 *- IT 4 -"' ^ ' ck LT-JU -(r^u - * 

^ o ^««* I (jT j o^JI ■ ■ij {j* jn ^» ~ - 4 L»> ‘- 4...^ j I \S \j oI ox) Ij i*<**« * 4^^***^ 



\&\ tiUjjb jjjlj i-i-jLi--j! 


lj }jj- (Jj*u* Lfj^-fr»- _) jl£j X\y^ -J-^* l+j O-"^ Vr-*“ * O") 

>JT) jl P J {Jx.i p :^ * ' '(j^ j» j-A* CfLri 

L jUj^tf £*Sj>- tO-xl> m^Ljj &) j* 5 tijj^vj y-Sj^A y (.jIaL^jL^^ 

C-K &v~ 4 * C-..J jl 1*^*/ \^Jl$ Y^’lr*' ^ ^.1* <<a * 4 

a^wL»m ^3CL* Li a&lI j i^-ij .jjta j j (jIajI jlSL* * ^ 

• CsmJ jL*] i<4j L Jj|-i j\j* jJ ilAjlji[/lS* (_^l^> iXw 

c-wi <_$J^i^f 4 j (<^i[)I ^-j-i Ij jl <jjL—j ,>) <_^Lja *^j 

vW ijbl C«^>> k-iu*0ji tjaii *jy* iSjJ* -4>* Jji ^ jj*- 4 ^ l» ji j^'cr* “* 

4 ^ C-%—J oou-3 lOo-fl **jSj\J* L> ouL<?)) j* 1> «^-p jy*** lt^ 

y * - i _^ L r‘ v* j a 1» ^ j ^ LsLkj>~ W-v; j 1 ' J-**-* jy 

i^uL^> jj ‘(^S-i-< Jil-t»- l» ‘jj>! iJ J* ^ *“•'-'1 (jtj^~i r* - ‘(j^ <J_r^“+^- 

aU I 1 cr^xi *(r^ {^.j-° , ~ t ij*‘ ex) tiU Oj^ k^iy -- i jr^ t ( _r* ^!y > 3 y 

(j^ ^ ^ji* O^" ‘ ji (Jjj X. <J$ >j-k* v-^lf*- i-Su l)±Js_y^> 

.C~-l Z w (jll—[, jj Jli^l >-£ ij ,.J jl>l J P* 


I c. 


txU ^laj ^ 5j Lt I J t Af ‘ I ^ ^j Ij |^ OIj yj tS ] ’) L 1 ^ f J * 

® A" oy^ iSj\*j> Jj^ *jLil ^4^ 0*1 ^ Ljbi^ 

^ C.-*.^ I j!/* ^ ijrf-i>« *jLrff Ca|. > ^1 j> ij ±y—i 

.C,-...»! i ^ *X j J> y ijb j\ji _jjif 4^JL^ j J *0 ft J u' .. ^ 



'O^yy LS^tyj J-*-^ ** vi-x* 






i 3~'u‘ l -*i J *' u~^ ‘a^iA 4 , j jA M jl J j; 


M = 



~Py 

Px 


(Af-f) 


A jlj^ .JJjI^I dj by jA Y ^ \ uLdlxi Py j p x jl ji d5" 

Jj^ ‘*“-- J 

K = M x Z T (A6-f) 

^Lf* JiJ ^b jl %T J*Ji J 
Z‘ T — K x M (Af-f) 


CL**—>1 £j~-^ jy 9 jb^ - * 

cos 9 = Zt ■ Z' T 

sin # = ( Zt X Z' T ) ■ K (AY-f) 

^LT' Aj ^b ‘(-i—rl b T °* T uis*) £ij*u J y*j* j\ b 

Y+ = c6Y t + s6(K x Y t ) + (\ - c0)(A' • Y T )K (AA-f) 

Jj!^ <id. jbj-* u-iv'^* oy~* y^b" 

= Y+ x 4 (AW) 


.x ./* l) 3 ^jtj~^i Ls\y 1» (j'-i; *(A\-f) t (Af-f) (_jLfcdijLu 

.XAi^ dibl *^bjo Lfbaijij <j£, 

iJjIj jlji CjL_jj (jbaljjj jj I(yT 1^4 (j\y > —~ «j|j dilj ^yOj* b Jla- 

Ja-b (J> -C-> *. r> la- f b ' n> jj i^Jua d5sjL-j- . | J^- b (_jlAdJiUL4 

X*\ Cwi4i tL-f jLji^ fjly l jiS 


IT = ;r }T IT \T \T 


(^-f) 



j>L* t/UjjU (jjj )j jl ^L^lLi 


r\\ 

r \r 

r \r 

Pr 

r n 

Tl\ 

*>r 

Pv 

r n 

rrr 

rrr 

Pi 

a 

- 

• 

\ 


("-*) 


J 7 1 ' j J !/ ijy iljljw ij^fa _)j _j 

;t~' ;t = ;t ;t ; tJt (u-f) 

* L C -^.-il i > • j]o j J 

C\r\\ + -s>r T \ c ( r, r + ■s^rrr C\r lr + .s,r Tr c^p r + 5,p y 
-»Y\ ~r rr -r rr -p* 

— + C\Pn —5\T\ r + C\r rr —S^tv + Ct^rr — S\p z + C\P y 

o o o ^ 

('r-f) 

-I ■! j 

* + 5 ? rr * 

* *- —Ctrt * 

(u-f) 

s & c fl 


>(T',f) jjlj jly <_j)Lwi l ,xl». 

~S S p T + C^y = " 

= AtanY(p„,p r ) 


X*j>- jl jJ <5* 

(«-n 

jl j 


_Lfcl^>u L*^ J vl—I £jl»- ^ C~£J>. jl |*ji Ljljj ji . ^ 



L* jjiwlSLi jUj)t ux/^j L> ^w 


*^Vr-< (T">Y) j (f,N) jjbjly tfjl—. L 

Sfl = — S\T>\ + C\Tn 

('v-n 

Co — — ■S\*"u T C\Txi 

■>L~* Oe 1 ^ ^6 ^~T j! j 

0 a = AtanT(r T \C\ - r u S\, r rr c, - r u S\) ('A - ?) 

J y^\j* Or-?** 3 <j\* j-' 1 '- £ jAj j[r* l£)l—■• L 


Cm = T rr 


■Sm — C\T\r + S\ r rr 


0rrt = AtanY(r*rC\ + r rrS\, r rr) 


(«-n 


Oilrig 

(>---T) 


Uu \° - Y tjliL-l |^X* (jijy jl *0f j i6r <0r tfUjJ CwJ4j <_jl^ 

ilai j t r J -*»«* j* ® iki A jy *- 4 ji A iki) jLt-* |/ i£i;^ 

•C~J O^jly f J-ai« jy**0 c 

l*;_,b ABC ji l^~i j.-..A j_yk o~~-y ^ 


COS d T 


- Pl+Pl+Pl- l r~ l r 


(N'W) 




jjjJj j\ 


8 t = AtanT cos# r ) 


'L~l jl j 
(W-f) 


l ,81 = — <j> — f3 ^_jIj . \ • -f JS_i *, L 
Of — —AtanV ^p £ , ^/pT+~pI) _ AtanT(/ r sin 0 r , l r + l r cos 0 r ) 

V-’tr* ^ |*^“Lr-J 

Of — Orrf — Or — Or (W“f) 

^ • p ; ■ ^ 4 ^wL>v 4 j^( 5 ‘JyL m A jl {_y*^ 

a^Uv, ^ Ai .(\a-r) ihi~ j*. j 4 v-r 

A, = !(«,- A v ) 

-4r = 77 (\l -iQfPfCOs fo r - n T - tan“'( —) + + a{ + P] ~ X r 


k r 


7r 


— ~ ^ O'r/Jrcos ($? 4- Or — tan — A r ^ 


Af = JT 

At = ~( \A°° + A t - 0y - 0 r - 0 t ) 

Kf 

A t = —(A a - #4) 
k t 


0'0-t) 


j 3 — li jl JjL USJfJkfl^L 

^JL, ^y*j[$** \j±j /I a^«J»w (( jl>c4 j -i)) jjLpO-^I ^1 .J* *y~* ijLs*«^ 

i o^*yy oL jl; j^b cJj>- \j~S j, j* j 3 *IJJL? 4 S Ow*J 

jlr*y c r~^ p* jt iSjjf 9 T j X 

A x — \poqo > At > Ay + T* 0 0 

.<■!»...#1 T jlx\j\s jl f 3jJk^- 

Cjt^t 

tr° 00 - A t < At < 60 ° 00 (W-f) 


.J*w J> <*«Ui j i — I n i* \Z*Sj* jl wi y+ wLjj j ^ 


jtl* oijb \0? 


^Ijl^j iCamJ jU^tf VO?’® ® L 0 J..*a*4 jl 4? Ij*J| jl 

oLjl; rj (jfljl 4 ; *S C—»l ^ilU* L^J ^1 A& {j\j> i>lf > T ?° 0 

.^jb *-£j jl orri ^-T Ijl^L 

AjULJ L*lfc>>jla> A-f 

(_jIaaJ^1jl 4 jl ^l. tf i* <_$lj|jj JjX^S” ^.?..■> j3 

^iaj j 3 I • J_» O b ijlm*' ij l-Ju L- I y>- j l^>- jj I ji *5 jj ^ \ ” V ^|^»w ,Cw 1 . >1 .> ‘ ..., 

•- 1 ‘.J. r^i 

^jAx* j!/* s jj* o?-^ iX^-W ‘-^i j - 4 Ui^'+r Oi^ ‘tx^ c *^ 

^>1.jc_S^ 4 ■* »i^.“-..J ti—J J,L 1^ ^L. ixif oliiwl . ^ 

4 JL 4 J 4». m . j 1 S» 4j L <julli j ^ ^V~V L j^*JI> J^*b L4.!>l ^L£w4 

t-Ai JL* <{J9} <4jL 1 > y>-j A j l l* ^w i { S } i ft ISC^w I j .3 y^t ^.^Z* ±Sj*C*A 

‘^Lf- 

oL ls\/, ^ \j j\jt^ {j*^*^*y ‘{^1 oL^ol^vJLp* j^b L • j zzS <^Ll Lw I . V 

jl# ^ ^[>*1^ c$U u^ 4-1 {^} J;l* 

4 T .*b^» jr* l K *** 4^ 4a*^» .J-lL Ojli l * 

{^} * £*?—“ {^} * 3 x XA lp‘ 0 j^ {^} ^.y:j^ J^ 



.HijIjiL—I)) (jL^>_^>.jL^>. Uj^j\ji jjb 







* . W'T - 

• '—Aij** T ■*■ *— 1 

{ G} t^JJk jl^ Oy ji^ J | |f O L j^j £*~Sj>- {S\j> Q.^A 4^3Jb dJul $ 1 3 1 1 * ... I . V 

(_$J J> ^ iS*} J {-T } l»^vLf I tXS^jA 10 L^WMa^ j K-jy»mj 1 ^ 4y C«i i ■*> 


tL^I mJj! >- jK> j I o \\‘S d^LllJ •*> . Ju>L »^4 L c«L »o L c^Sj>- 

.Ju S t j —JU aL»- jA J* j± \j {G} OLo^L* Cwt 
Jjj |j»-« Jj[a^a CmL [j? T'j jJj#l j l i^AjjAt «L^a 1—< jl j L ...» j,} 

0 I^mamJ J 1 ^•* ■ 0i]j L j f ujfjJ Jxwj jlf*- 

■ 0ili i^i.w .1 iu l > yj *_}*> *o X **.*) 0 jli~. ...| Ja \m*y ^>L-J 4j L iCm| C**jIj L 

j 5 jl-^ Jjl-fct—l ^y+jl+p; jl *> aXif iiLii—.1 ^Lf *:—-—* j* 

(Jj\S 4y>- 1# 4j < I « ; ■ ■ » 3j_y* iSy* j!/I <lSj>- Jt I j 3_^»* ^ l_^»* L^J 

■ -XA |^>- A i • W ] J i ^ "* • ll I'^l 0 Js»<> ^ ** - -- ■* 

jj \j j\y\ jl \yu* ‘L^I a? J, l^Jju jl *ol |^—-r 

{T} = {G} c^>* jLL j± L" ili jI j-*a • jj ijl 5Jjl 

. JlS^. 4 m wL^4 O 








jAL« ^SXlSX ^Ia j) l SOLVE jl a^Lfli«.»)l ^ T 

(^IaaI^Ll* A j XAi^4 |*b*->i \) LT^ C£^i^ J 'SOLVE **^jijtj 

J j!>J ^ , S-'r'> ul*^ !/* If Ujub 

<~tj>-j Lfr»- A C.*..» X \j OL jj y*~J *A* L'^ ji J I j i o Luw I L jj J_y i»[^J ^ »l£*l11 n i 

. OhM ^ A A L 

l <bj<u jl oL lw I L SOLVE iX-*L oJ kA Lp. oLo7um« OjL_ca 

4_^Uv* j; *({yT {#} 4i c^~x {VV 7 } jL5^ iftliz^wl j jj)»l 

*r = fr £r yr*' (\ ° A-f) 

^n ^ ^\ ji^li-» -^jlj JJLr!) a u[j^£* {^7 y-*-/ 

.XX XA |^>- <Cm/ L>V^ 


(jjjjjjl^Ssj j c*ja \ 0- f 

&XX cib p-Jju 4l&fl > .X^X^_4 6ib pgii u oXA Jalil JL> jl 

<^Ia4-iL^ .X^—i^4 C^Ixa ,jl A j^I^a jaL* j^^^*** 45" C^wl 

lXj a [~ft ft b» L^j| A J OyjA (_^LJ_j^ tftXX ftXlj^ • flk* j-i j< * ..i * ^ 1^4 

j J 6 X~* * - - ■ ‘i - - * - 4 j ^J - ft X -3 a. I A < - ■ ■ ■ L jLi— jL jj A A? LlxJLA 

OaI_^ ^^Ll4 ^j^La uSxLx^ 4^—* jj jX-jJ >J XAly. CJ>* ‘4UU- 

ii~_jL ^ ftXX5xJ^y aS* .X ^—•1 t. fli jA* i—^i.ji jb^A ^__|^i-A -L5iX 1^^ iX 

i_)I ^ j3 iXb^-* ^ . ■■.« * ix $ 3 J j p .l*i aJ^a * 4j |y <_^> L <^j «5j L 

•^lt 4 u=r** \j 

^IaaJjLu xL * ~~ 1 (jb» jjj^L^Lxjv 4 j 3 aLa. ^ j ^LS*^ tibx 

L^i ji ^ ^l. ^ :....-... .yj J»- ,_X (A!ij j^jji ^~'i 4 usU Li Xju ilijub 

a5" Laj Ai 1^ ^aLi L$w« L jx 41 *" —■ 1 0 X —1 * & ^ j^jj 15"^ <—< l -^3 ^_i xa j?lx 

' 1 ~—■ I ftii.t.i cxI xa Iff a ^A-j jjL a $ oL jj {jjiS (_yl.Pa> j3 ^Ix <C->..II »ii.ni ftp ,U. ji^A 
^il a 1 — 1 L«XvIxa .Xw*ll pXt>l^>- & nL «> -UwL?^ \j L 4 . x‘ .jo 

j^ jjl oL jj xL dS (^IajiLj - > ,. • ■ p> j .c^i.J |*j*^ Ia^^jI^jI L^w <J^lX 


»XX 


ere** 


j 1 15*3 1 _ j 1- -^i~ x -« 4i x I v-j x L 1 _ j L 


JL> ^ 




i< J I « 3 ^-Jkj 


— "w»- — ’ “ ’ -- " ^ | - ' -'- 

(£ xX <cwLw -LlX a j,x..ij j 3 1 ^ oL jj ^*>3 u Ij ^ 4 -xb Os5^>- 1 Lx- x L-..^ a!...»• 


. xx* L< {j* oL jj 00 i 


C^La jX*i>L A $ c^l yj , 0 *—/I jX-b" J_j i c£jjXjI^£j j! L jA C^J 3 

jJ (la>» i_^i L jj Xj 3 jt n^iLjj (^LaaJ^Lo jh ftXw jA i-L 



*?***^ ,v4 j^ Uaj* iL^jl tl^cL jLfc—jlj(_ jIAj!!m*[;Ij 

0 . 

^-jy>- ll««—i (jL^L jj j * **; L$j£^iji^' Ij j*" OJJ‘J ^$w l ». " ■. _ ■■■ ■» 

,c—.wl oU jl^ jL j >i—ah>u (_^L^jL jj j3 ji jj c~J ^r-*^jL —j ^|j*ju L^il cj^ L*I < c<,. mI 

jij |j;/> jl \) *-'** a ji^LT* OJ^j£ Cjl+AjJ O i j'J^'*i ^ 

•['” ] '—'^JL/ cJ / >/ », ' » , . " 


^jjLwbvj Cj(ia>>^» \ \ ~f 

(jlkJjLw Jj- Cwl *Xl Jlklji- { j—jj> V J-o* ji *d*jr—• Jj~^csU^A/ jl t£r^“! 
ji ^LmjI (j. ~ ■ * ■; L r° Hz) iLj jL—< c^c-j— L i^aL isjji> jjub u ^*^*• _ •' 

I l JJ^<i ^>- UcJ j $. ja \y>- j* ^LwUw L i4^ujj 

3 ^-J _> c^-.i ? 

lju* ^ A ~ ... ♦ ^' l»,>n.. l \ ° ~T J* j* S' '••-• ? 

toL—<Uv4 (_jl^ u^ltl _^» jjjtj %Jw L\- .. j3 ,xl,jiLtf> j-j jj^lj ‘-Swlw- 

j I Jliljj-* C«..*-S4* ^jl Atan T ^ Ij _}Ll^ 

S~te l {j^ oJ l»- jj .jjU c-w»>l ajISju^ (^L^j l^>- (_£ J*cjj jLSdj ^1_,U^ jbLi-L*/ 

1*1 ^ cU^jlS' {j^j{ .-X^—/ 4. .^Lyy* y* ^ "■■■^1 

y>- y»- j\ __ OnAj ji iu-jl^>- 4 m^L»v 4 L [ Ju^l OwJ<> I 4 . \y>- *A$ Ow—J 


0 _}~Jl_) l*■ ' - _ ■■■ -i (_jIa 4 J^Ll* C^jLAj jl 

u_j lj>- jjJ^I jj *-i-*I cjUjl) lJjo ji •■* 1 — oLL^ ^L^jI L jiyci^ 

ijj# JaI^>- j 1 / ^>Lm^L^v 4 ylsu jl i^Jjl l_jI^>> , 4 r*r^/ui’^ 4 jl£lU^ 

j^z —; * B J 11+1 ji/ /.« j—T CwJ 4 < (^Ujj j^ 3 iji< j 

• Jl 4 I JC>A \j~*~ C^wJ 4 j 
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jl r (_}« <* * • 4~< L j>L* jlJL C-s> tJv ^ 1^ (_fjlS* <_$Lja* [\6] 

.j^ j> if = T/* ^ •/x — \°/° *i\ — \ 6 /° oJL>- (_j|^ [p r 

(j>j~ 4«, I^aL {j[y m \j jjyl} / (_fl*4jillC* [TP] 

.jy Csw i^<> .r ^■ <\% jl r 

jl Jll^ ^pjjl *-< L ^j»L* ujIS* [N f] T*“f 

r?~j b ^ J- 3 * 

j* (jilji *>ji *- l jjijlS.. (_fj^L> (jl ? 1^ jjjlj > (jUJiljL. [ff] 

.jijjl .r J-ai ji f-r jfc- 

tfjjl jl ^3* ^■■>.i^-i Jii—/L jlj aj i«$u[ V"Aj 

ijij ^ jJ —ajLt (jIaojU^u ji gilj > 6^° Lijjj jaL* 


- \V°/» < 6\ < \V e /“ 

- TT<V < 0 r < f6,» 

- Y6°/° < 0 T < V6/“ 

- \r<v < e t < \r<v 

- \°■/• < 0& < '•°/° 

- \A«/“ <Q* < \A°/° 

• alt-1 (£J s--j.) j-J j.at. L V-f JJ» j> ,jj Cw^ tfU*Uu jl 

JL^ 


a r = \V ; - 
n r — °/ A 
rfr = M 
dt = W/- 


jl jL< jl i_>lj»- o\'£j>. <_s[/i (_s l» aI—. ^6] 

jLj l^£u— 

,X --L }y o^ 1 ^* ajjl y. -^ly^ ^ cr 1 -!^ j* i/-->*»[ ' °] v 'f 

•XAa t -* JJ jt *$ J-'ly^ jl j^ c—.j-ii’ 



J Jajj; .tw L (jli*Jl~0 (JjjL iSj C— i tjojjA 4 U jSz + P * j jlS-1 J* [""] A - ? 

J-ai. <-& J?l .Jjjl C—<i 4 ; jjL (^ !-■[}»■ LSj" J a LflfLaA* 

ji» ,UL ,jiL (_st4j^JLsj i?L iyi AiLit jjL ^ 

5^j* i£j~* 

ota jLli ytij} j Ja^jy j-> L lSj}1 <-Sj <\r-Y j* [Y^] 

./> = Y/f ^^inj iC—l Jjl Jaj[i Jjt > ‘ ^ j*j-> J=i[i <a) 1« •C—l •- 1 -" 

:Cw,l ,^wj- ijijyj IJ-S 

° < 0\ < 

— \° <9x < 

l»ji -Ll, (4*^-1; <«&» Cjjj~£> ■*;) \j UTij* cjL-i* 

,Jul5" 

<2^-a4; YJ-oi jl f-r Jli-i jj _^L (jj;L csj/ [YY"] 

jj Jjlaiai jilijl^i (^j^ icjal/f US?*' jr 4 ^ Jl [VT] 

»^l«T..il (j*y l; (JTj&wj»- fcl'U^c |.U;I jj Jal^ -t» 

(yu«5 -kj|,) 4 jL 4j C-....-j l> ( V Jajjj) jl£-< ^ ; 4 ~ ..,.4 (_jL»aI 




.JaJ j L ^ ^>L ^ Y" Y 



\pr i 


\t = 


C\C r 

-C\S T 

S\ 

-Sr 

Cr 

a 

-•S\C T 

-S\-*r 

C\ 

o 

0 

a 


£~~3*j 

lfS\ + l\ 

0 

/fC\ + 

\ 


l5wL'.i..< t'V XjL t(YJaj^) jtjk ^\n..i j3 Out a£j jA (j|}Uj 

("<IL j Jp4>) liwl^ ' Z t jhji {j\ tS xzS J* ujJp 6x j 0\ (^iL <j\ji \j o ju l> 
(j\j/ iS JjIj 3jp?j ^-Sz cJU LI 5 ijb cJU- ^|jl {jlji >l_y>- •iz*- Li .3jjZi 

Ij-j bio «>j jl 

A— jj jA .C*.J tXZj oili ^L~j r R jiJjilS-i jj j* [TT] 

jl (jXi^ jA ji *S XZS A»_y) JC5 \j* jb* \j *iai< jJ jy^* 

Cj|/ta MO (■jr'^ 1 •(■ i <L< ( j< jjiL Coll La> jj *Li ^1 ilpjjilS-k 

4i(k;-0^ T - T* ^l^-w ^ij^jl^i .CmJ *j-j3 A 0 L^I^{^i) baj\j 15 L [^j 

.jjb \A° - cr^y, kib J ^ 

>Lc* Z-Y-Z >.jl i,L!j) L , 3 ^ ,±3 aSL-L* ,(JI) \T-f JS-t ^ISL. 



.1 n r-r ^-) r/e ,-jjiSo.^ H-fjSLs 









4^) jju# Jajj ) 4j C^wmJ ^ ^i\j \S 4j &r> J* J «C-wwl 

\° s.l/. $ oy$ j* jL** jli^i ^ ■ w j^ j .) L(c^* , *(£*•* I c^L 

.3 £ J-JU »lyJ->4j j; ji r Jbj; **v 3 

.JCi~* jjUt j-c. (iji Ji ^ J; ^Lfcjl tfUsj-AV 

^yjij) j ci" ^P 0 IfLai* a^a fs^cr* u^* <u-y 

jji’ l^Ll; .jU Oj_j~c= ji a£ (r xS Lr * l^* J ‘W -4 * 4^ lt^j 3 cri^j-^ 

^jJL»v 4 jLi^^j>- L I ^h> \j L JJ^ J I -^Utf* 

jS’i ./ 1 (j4^’"“ L$4i4^ LOVi tfU ■)* E^] 

.JL* 

j^> 4j l^I -- ^IaaI^Ijlj 45* XjIj L^-L^tNf] 

(_jUA)il*A jl Ijlj, 4Sc~ii jljJ(_^ 4 fj^.D .c>.. w J»- J;ii «AL_» 

5 i'.^L A ~ .■■; jjr& A; (jl^*) * 

(^I^Ju^a) .X^ J^. a1_»j^Laj [i A»-ji (^IfcAjiLu A?CJIaaI*/ Jij [^A] 

!; ['] } M 



\<J-f 


iw.1 .J^ oli jli; JjL:^ ffl „SL:ISL- ^l -S-. '^-f JS^ jJ [TO] >*-t 



,(\p-r 



\?6 4 


.(If — y/^} tdy — y/^iCXx — «fl\ — \ j\ J*\lL>j[+£- jk*0j+C-b*\j 

.J-L.J* .Cwl 0 = [., V,-V v] r l>bu .JSui^ ^ tfXj/J 

^ jji*IJ uj ^Ia4 .Ju5^4 c^> i^A c ° sji 

' PfORG = [^/^ , Vfl, N/V" Y] r 

.Cwl .jLi ob jLi: JL'L^jU tR ^L .5. ^P-V JSLi ^ [VO] QVT) 

— ^^Q!f — 'f Cb° idx — N tQ!\ — — 0 jJ y Ltf j^P Jajjj (^lAjLajjL 

s^ju^ .CwJ jIpLju 0 = [°, °, ^° °, °]*^ L iji-i .ax’ = \ j 

p 11* i>4^Lw|^ aS JulJf | Juj 4*if .Cwl i \ A°^ i J^JU 

PfORG = [°/°> V°> vmf 

j, ry-r .jls .*b jLn rrp ^l ^lsl. ajj L [\o] u-? 

5Jwjb i j Ju£» jjL ^>1 (jb-*) 1 * * ■ ■ - ^UJjLju 

.4 !jB l J k J a j, rA-r .jio ob jijo j * l . ySJisu [><a] >vf 

? jjjb j Ijjt jjjl (jl^.) (jUJiLu. 



Oi^-) e = [-,*••, -V°, of jBbjj .Oi .ib jLj VK^L ySjISb OQ^I \P~f JSLi 

.(W-V 





J»U (jUjjO ^jjlj 

Jiai jj I; rvr JS-i ji *J-i »ab jLii iiP P jaL* i£jjt [^] 

5j<jU i_; jjL (_fU4jal*4 — 

.±j£ t J»j>\, t—r jS-ijA .Jui ob iLa j*l> ySLilSb csjjt [\a] (rvj) 

5-^jb wlj*- JL>^i <M (u^r'^*- .— ' LsbJjb* 

f\- r JS^ja.JLi.ibiLL PPP jaL ySJlSb tfJ ;L ['fi] fcj/ 

?jjjb jyL £j;l (jl£-0 tyb^Jib* 

:AiibjLw 6.>ii (j>j (*. * .■.-i [VAjCjrr-fJ) 


sin £ = a sin 6 + b 
sin</> = c cos 0 + d 

ip = Z + 4> 


c**—*iaj 0 ^$\ji c-Jb j$ aS j«aj jL^> i ip j d iC ib tQ. ^ 

.XZS (^* J-^b ^ (_s[/i Mj ^ 1 .)•* M 1 tJ L?bK \l M'jlJ ^b. .-lj<_f* 

•{* _ U -Ml V^M: S-*-*®V> {*} -Ml 'tO%i'-R- ‘-“r-^’J* D—-I- 1 4[ f °] y^TV 

.JbJjl CX—.34; j 'T j| [f ((kJT^XjlA-XXjjU.*)) jL*];L 


(f C~~J) QJjJ 

1aj\j L ^aI* („£_)jl> t^J /. jjob ^^-jLa^-w (jjlAaj-il*-* 4^ X ~ojiJ 

Styl/^yt 4 j\j\ j>_j Ia4«/IX*i *4jjjj «( x»y j \j X^* J 1 * 1 \j 

Procedure INVKIN(VAR wrelb: frame; VAR current, near, far: 
Vec3;VAR sol: boolean); 

jA* 4jL 4j \j j <. x ..J wrelb <jJ 

*0 \j (,^ x * j < - “ - s, ‘ i I current 

far c^l^aj- ^jj^pS^sy near »sS^a ^a->^ ..• * (jf* 

|ju> j^l) u—j l^>- jX—> L / Ixj 4^ I sol 

ex—J »>-^j) Jjb sol —FALSE 

l\ - h = °/^ 

jj Cwl O j Lx t^L< -a a^ I j .—.'.S 


1. Flag 


— ^V ° 0 < 0 i< \Y°° 


•A* 4 ^Ow KIN L \j jl liji- J jUo»l 

■4a L X , " „ , «A l*i[j ^jal IjI j 

‘T T 4 (; .itj4a Oil •*- ■ - “ »I *Xi Jjj jAL <J)jb jl r -j -J A. (jjyjjjj . V 

jl- £* “S ‘ 1 -r—' t j!>I v>?jl+r ^ 

L [j lOLjJ; 4aL 4; Ow.J t&_«J iija>- LSjl^:-3jXava • OllJJ; jl *j—.iajliol 

• b • • *i y*. jtj '~ J jy~ aA ‘. Lf^^y.jtj ■*—'—'I O ^ 4 s ^ 1 

Procedure SOLVE (VAR trels: frame; VAR current, near, far: 
vec3; VAR sol: boolean); 

) xS^ K±-ej {S} b {^} “trels” jl jj 6 

. xx ., a INVKIN 4^1 oxZt a ~ j(_ jIajOI^L jK> ^Ia^o^L 

Xalajijij •“'*■>»I* j'lt 0>LaaIit» al&OjJj eJui Ubj» O^fjli l l» j.f~.* xl {5} j {T} 

j b INVKIN .TINVERT .TMULT ^UU^j X. SOLVE 

*Xi <f> j >y ,X <—v~=-j< iS \j <_j-lA !_Sji iS Xw jla (_jl~ £, l csl 4 ^l' y. 

(yryy j “——’I {S'} * J {7 1 } jL i<_»ja jjjS" (^Atb-Oa ^>1 .x5 oaIja iCwl 
jL —aj iXS |jd A,, ,J (j l$> jA Owl ^Jal* a / -. ' ■■■ f oLiOvI 4^ |^| 

aUj) jjJy-J ji s ^*“ lfjl^(e.*)X»w) 4-A-Ll ^ jljal jL-t jl Oil j_jA- 

'-*ij*“ jij {S} j {T} .xS - ^ »jliol (To—J) 

? T = [* y ®] = [•/> °/T fr] 
fT = [i t/ 0 ] = [-»/\ » ; r V 0 ] 

• AA^ A ■■ 'L>v (j*J j3 eJ— «-J -XA 4«i jl {j\jt \j ^jL_<2JJ_4 

^ V'rO* ^ J C-%^1 #3^ jl^l li!ju ^ J; oLj^ J^S Lf ^^ 

• XS I-W *-iJA 4 In a> jt \j y?~ Aa • Awij (jr * *- ^ -a-A 4.,. j 

[x, j/\ ^] = [•/• °/° - < '°/“] 

[*r 2/r 0r] = [°/^ - °/ r ^«^/°] 

[ x r 1/r <^r] — [—“/^ 0 /l” 'T“/°] 

[*t yr <Ar] = [°/A ^°/ , ‘] 

4j L^I 4^ joS^ j l^i JIjO jyo 4. WHERE j SOLVE 

jxjlj ^Iji u^lj 




y l c-jmj 1 1 ^ > £ I j 


«UjjL \~& 

j*\j* I JjL-^i j! \j ^\jjj jbl* 1 j$^\&a LsL*jj^ i J—^ £t) j* 

(_£j^/tj C^Sj^- ^■■- ^ , ‘-^'i c^4i_>b _> ^ j+* p^Ali* j! y ijj 

4aIIL^ L^l jl j «pj J^> j* \) ^ AjI? ‘dt^T -4- * 

■ ^ L*-—• J *jA L* w l£-* (_£ Iaj^J L ^> lj b—< ^ l£ ^A^y 

<^b L5JL5^ ^ £|j {j** j*^ 4» *^&^>ll—4 (_>Ia^ y 1 Q ~ P-j*-j A*JLa-* 

.-Li -Xfcl^»- ij-ijj* J—:aJ ji (^7-y^yL - ^1 -^L^ltx 4 

1^; ^Ld-o j3 y cr-j^. cy^ W 4 ^^- 4 j-> 

jj JLX~> Axilla-* {_$\jf «Jw«aS>^£ SJLl^ .-Li JaI^j*- ejLil Jjl^—/L-l i—&- jLj^ Ai 

.XS A^b^* ([r] b [ \ ] <*SX\S*t 4> Jj \y Lvij ^1 

jLj b <SjS^ J 0^-* C*U 

*p L -5*^y>« (jf^JJt jbal^l 4> \j 4#L p-AU l 4 ^«.» fl - Odf^ ^jJ LT^i 

.(^jli^blw y ^jb tlAjlij^ jJ 


(( jy\ pa* \j jjl j± 1>I '^*'/ w \ t j+ b I jIjIl— t *? Lj . S 



j L|^«L|\v* 


L5Lfl j\ {jfj+£jEkM» 

4«Sj (j\jt yj cjjI-Ij^Lj jl «(L^ik-i f* jij ) L^ic^w ij\x cjl^l jlyx* 

> j Lu«i/1 >>. 


‘V 9 -4-‘Q= l i m' ,g < , + AI )-°0( l > 

v dt At 


0-a) 


*—(jl t O^* 4 ^ C**£-j~* C-ijy~ 0 dj jl £-4 jUjJ ^A 

I; $ (3 " ~* £*lj ^ *JaLL* jljJ^4 *0"0) 4* **?y l >C%i^ 

jet** {^}' ^ *—^*-'4^l Q J>\ <*^-4 #L^* {Z?} 4j t**^ —i 

t—-- v .htJ Q a 5" Juil 4* .1 ^\ \J>y Jjk\y>. C-n£j—I .ifcl I A.JvJ 

jbjj jl jTji d* o*j$ u^^La <v^>uil * .C^-/| j—il JU. ji jl dj 

.^jl-i CuaAI iAyh^jA 

i>-l J ,3 / , “ 4 i J* J 4 v-—*-ji b^Lf* V^i J J^X J * J-L. jj J; C^- jbj; 

C-^^w ji .-Li ota ^jLw i ty^iyj*jij^* ^ 1 • ^f*■ 

^ry Cx-*: {^} v - — *v; <0 - 6)jl »-*^I 


“('Kj) = ^ °<? 


(r-o) 


CJiAc jjili-* LI cC~/J Li* ji Jai i^j 4; jliy jA ((J J^cJLo- aS ^......j ^ 

a, <:*... : , UjSbi^t aS :X,b <^—\ vj»j^ y *i ,4 ^ iJ c -~*j— 

■ i j~'Lf‘ <1>^ iT *i ^—' ,x *Jy. £~ c -j~‘ jkjt d" ij j 

(jrJ “^—'1 t -^~ I (JjJs 'C^ a *Jui A—wUv. i( ^ - 0) iLj) jj 

o-tfjij j J / J s <-iU o^—* -® cr^j'jiJur^ ^ uL^t/-* i; 4J ?^' 

c ^r> urtyj.j o s ^ 0^-— * csj^' ,j; l l ^; 


B(B 


( b Vq) = b Vq 


(*-e>) 


L> ' ° ^ *-^jjf -'t-H uiu^ o*^>^ *j[j^ by; Y^jr - 

Oil -a/iJi»- J; (ja-jb" i j-iyy.Jcrxi b^y^y , 3 I J C?- r ^ ->^ oA ‘- 

aS 


A (B 


{ B v Q ) = A B R B v Q 


yf-0) 


(j\ji_ 4lij _/L54 j (_jl*iLj t Jl(f ii) JjliL. C~—/[) C-—- Ji-i Aj [( IjOLj: "JjAjut 

Ln.yy.Ju~?. d~~y *. ^ j y j ,x - i ^ <jj^J~~‘ j 3 *J j** tC^j-> 



\V\ jLj j <jbi 


.xiL t£jL 

(jj l ~^ i i_j t_Sw *j C-.-Ji *Jai t»Sw C»c■ 4&<I ijl»4> J j 

jL ‘lie** i*^ (fTj* “*i ^ - ■ ••-' [f '■^tW* C^j* *(*ijr^i .A' J J L 

i^Uc_I Jjj Cj jl i^U- cJU- £^1 tfLr! •■^ (•?*[**■ 

Vc = ^VcofiO (^“^) 

Jj'cr 4 ^ -c—I p-j- {U} j <{C} Ll- «*jJLL» >jjs iL i; jl jj aS’ 

Ijwi c»t \j A vc jLw j >{C} *>_ *jLil (j\jt 1 1 vc jl-j 

•JlI £{{/} <> C -..-I 4»- ^1} j&; {-^} J J *- i -“ '- t : - a y {C} 


WJJb-. ■ 

c^cj-< l *5" <jjlk* * J-^ so^j^+t *{^} j |*^ (fry J^** 1 

C*$y>- F 0 mph c*c_,w l *SijL~tj/l 4< J^alt j '{T 1 } x5^« ‘-^r* - ^ ° ° m ph 

C^Sy*- {t/} tj_y>-jl^»' jl X aI-£*I ji I J-5 -Cwl *J-i »jU jLl> *{C} c—I 

i—jjlU* .Xlc*<t j |»jl*-» ibj 3 


U d Up 
dt ' 


CORC 


,\ 



. {J Li~ Ji j\ \-OJSLw 





C ( t/ ^TOflG) .t 

C ( T VcOJJg) .r 

XjI^ u*J* <j“». ‘(JJ* 

U PcORG = ^^COiJG = Dc = V'°A‘ . ^ 

C ( C/ VVo J^ G) = c: ^ = ^=^(^”X) = ^“' \“°X .T 

T^coito) = =-gir' .r 


j\ij) 

ijLL ft jLJ LUb \) jlijJ ji 

jLw 1^ |».. ^ k-_$_ i^jLi Gi-%c iXS^jA u* 1^ 4 ^a fti ^ ^ — C^c4^" 

C%c^ |‘L~»-I * v!*** ^ ^ ji 

*-^i tyi'J- 5 c -^r* - ^jy^* 4 l cfl^jb 

JjL»J jl i-vjj: {j4} 4j c~—J b {5} ^fts *(T~A) Ji«i ji 

‘-'■ c j*« ^fts j\j!a j {A} 4j C-—-i {5} jbj J Jj*- 4 jk jj ^ftfl C*f>- i^jSsjjJ 

slX“° J^j 1 - v* J *'^‘ j" b tfl^jb '^j-' j^jt -iAijj-* b ubj-* 



■■‘flitr* (4) V^jLfr? 4j C~_J ^VgOiiG £■ 


I? {5} v.>?jl+t Y-^JSj 



Wf l_i~0 fL»l J C-*,- 


a~iyj>j tAi t ^i jijf A Li I l *J7-i ji j iili jLli ue** oLflliu 

{A} *4 {5} Ljl^ijlj C~£-J~! C ('*fiij) •■*!■* b I(jjl^?il»j 

•^lt* {£} 'r~~*-ji £ c —>1 

,^1 .ijS" »jUiwl *xl (^jlJi!iL;_jl tj\j> j? Uwlji 

ji i j l _}Ja4; CjLa*^ jl ji *S jjL “{j* b 

^Lr“ A jk ujli&U; 


Uc 


= u n f 


(?-&) 


.C~»l {t^} 0?“ £*v* {C} '-r’yzj^-i*! tJ^jb '~~ £ -j~‘ ^C ^ 

£~ C -J~‘ C^«/l "{A} al^JLw.} *JL«i jLj {C*} c^Wjb ‘•~^~Wc 

.(c—I »Jui jL'jj {J7} * c~_; 


<wJL^r? |.L^I ^IjjA J 

tijyh^jA by.j* C»£ j~* * A" <_*d^ ^ ‘b [» " •• * ^ C*Sj»- ct^ J j 

Jj »Jut ‘- ~ a ; -- a - y J <l*v;l J* »■*" ^b^ fg*'** UT’Jy. 

AlJiia-4 b t—rft-w 'jg ■ ‘ ji .Ai A -:—ty tjLj L j glC j oJl»> 4 j b t 

•*/ 

~'~' ol.A»ii #1 £jlo A ajJLL-* | V> jA *4j it (J—^ XjI« jj-j LuJ 
I y* Jot ji iJ& a C L|j_j»' l —Ob ‘t'*^ "^ ^L m . 'A 3 

.cA 

1 ^1 > ■ f — "£* j**i 

*i b B Q c-^»- ij—* J“«£* b {-®} 

.jtijS^jA jJal jJ i^sit b b-^} -p~S Ct~~£>y X~Q XjU i{A} 

obj - 1 u~tj^ 3 a Pborg j^* j\*j>. b '{^.} 't'j^jLk- * '-- ? «■•■ {^} 

jljj (jjl .xS^j *j jLij L iSj ^“ ^ r f , ^(j A u^j* y ° : ■ - = y bP 

.^U J *i BQ jzi m * 3 A Pborg jttp * < '{ ,, ^} c- ^ i i i i Q a U ji C^Sj>- i- i'■ i 1 1~*-< 

■ 3 3~ t Lr > is 1 

yl jA Cm I ^>15” .(^w/| j L .i. ; {A} L '"'* -^ Q a Ii ifl i yjaii*- C-^Cj— C wJA 

l*r^" (**b b ^ J |*ri^“ Obg* {-^} 


L- 


•“j; y 


'V'g = ^Vbohg + B& B Vq 


y~* ii \y* 

(v-o) 






{A} V«>rj^ * ^-r—' A VflOflG L { B } f-6JS«J 

(jiL«» j^iL c-jL {A} j {5} jl £ ,_^JU- <j[y, (V-<i) SJilm 

j 

J* Uf* *$ ‘(*ijl J Jic f* j~° U^~ C ' c -r- J ‘-Cr^* I'V 4 J j cr"J-^ * J^“ 

UU ( f L»|) ^ J1^ L r'_^’J^4^' J" 1 ./* ^ ^ *0*— J ^ oliajJ SA5" 

.jjfs-Lw ob q Ll_ «_^L^p j.1—»l Cj^jj c s\jt bl i^J ^*~■ 

.xS^ jj-i: jLj c^iiJ’L <{A} i_,_j»^Lj>. *> c*~J {J3} 
tl^Si A ^B J^j>. l» ‘{A} 4 j C< j ..J {B} fj[,j3 C^t- liyi^ f-d J£*i ji 
1/ c»*f* u*—>, .c~-l c-t {B} jj *S xS'jA gd w l. j; ^lAii fl fJ jb^ 

.{A} J** jl *jLj 4 CwJ jbj* oicr* Jps^j- 

*> {0} j {-^) J £*-'1 £*jl* {-0} *j C**5^ 

5d^wl 

*“**»<J* **—*■‘•‘'1 C*l {0} ^.3 gSljjbli JO j) Q jJjj* 4 &jI 4 4j*jJ l> 

B Vq = - (A-A) 

c^£>- JJ-** ‘M}^ ^ jj L| ,c*J c^fc {0} 4 uj <^l a> jfl 

.Cwb jaIj> 

J- 3 J-* *pi jSiJ* cUiLAj jl iQ * l a 4 cUf j** L?u ^j|^ 

•o*Ll« {A} ^tL cjjs^ <^J .Cwl oL JjLu Jj>* Q jb y jl 













.XS^jA 

{^4} jJ> lj 4 $ j^L jl j; jljtjJ ji jl^A* J t&“0 JS^t 4 j|JILl 4 (j 

j{ p* ^ L— js^* ^Cwl «Jjl 4^-j- 3 j* ■■ 3 jjl t -^* - '- 5 ^j *j^L^ 

jsr* jl-^ lj yj- 3 4^-j- 3 j- 3 ■ 3 ^ c |*A j ^fts 

Lau>I ^1- t\jAt * 

|AQ| = (|^Q|sin0) (\ A fl B \At) (\~6) 

bXt <ci? .xiS^ \j jt v j~^ * <■^■4^- j jIjJu^# pS'U* -tuj/w fji\ 

*j$ jL> tjtj t> j[? < ( - r 4 \j j c ^> 5 jLj^ *VL 

a V q = a (I b x a Q (\-0) 

tl r*£ j* ^ • J ^j!x*‘ j? {&} * c~—; c—,1 Q j\*j> i^ cJL*. j* 

(tiji *J*l* <^l 

A Vg = ' 4 ( B Vg) + ^ l fi B X^Q (\\-A) 

j2> A Q Jt^Oy At Ap*y L j < (u^ LT'.jj’.j ■-*■**■ JJ^*) j^J J LTij^ 0*J. J&t l» 

c*wU | ». a|^>- iCwl ^ i? B Cf) *ik?J jb 

A v Q = A R B v Q + A n B x$R B Q (u-a) 

^-- ; 1 A *~ ... _ ■ > ^AaLt vliLdliu i~J ji jl ji *S" jjlJLfc “V il ( ^ T _ fi) aJ^Ua jljl(j> ^&L«Ai 
jlij; £~£j** Ijly !jJS aLjI_) j » 3j£»l (\Y~ 0) Aj I ^lli- ijjllL* (jj-i; .ili 

Jj1^» <2*~OAj Ltt~^ {^} J' 5 jAlj jkl* jl *{5} ■*■! Aj '" — --■ C«iU 

A VQ = A V BO RG+iR B V Q + A Sl B x*R B Q (sr-O) 

*-& JjAjl «SynZ^ ‘-ij^Ji t X‘“* (^U \j AJil** 

.sS^j* jL t( ;/L J* £*!> 

j5w*m.) f-<i 

J- 3 {j~*Jji [) *C ^ ° ^t\j ^-*^1 OiJ 1 ^ *^^jb t -^ c j~* tr^i Oi^ 
olc_J c<^Laj j!(\°” 6 ) jLi^J jLl> (_jl jt jl j± 4 $ *iJh j> 


WY JLi-t 

“r'1^0*1 jj* u—-~ j* o^u* I; tr^i 0*1 iAjj 4 i> <j~*^.J c '**s*-> ‘- L ~ 

.Cj»J k> JJ 

x*L*^l$o ^jSL <»& 

jiJ *-' jy- 0 **. jlj ?[_/- 4 ‘tU^—• y-^'L* <-& j JinluLtlS* ^j— j<-& J ' m • £j»j 

L n. l y i-/£ iTl X 71 J jull&«& ^-1 jjL* tJjjl < Z <« — i34j 

RR T = I n (U-A) 

juLc-lij j ti — V" U»wl I Ti x ti ^iL^jh Tji ^)I4^ 

^y^ty* (\T~A) <JjI*> jl Sfjp !■■ * L .C-^»MI jlaj .jl;j3 ^p-jjjU L i R 

RR T + RR T = ° n (\A-A) 

Cwji uf^^ 4 1/ ^^A~ A) aJ^Ijl* .OwiI ti x ti jX~& ^pj° n jl jj 45- 
flil T + (-Ri? T ) T = •„ (\P-A) 

i_ju^» L 

S = RR t (W-A) 

c ~"j : I; 0? - 6) 

5 + 5 t = % (U-A) 

{; ^‘iM 4 45"» c* ^l /i>l»i4 jL 5 4^ ^w^4 

■1^Jm^ 4 jj p > OjLw^i JjljCLolj 4j 

S = RR-' (WA) 

jj/j* jJ AJaju ^ 

■7 1 J^ji J* •XSy-I j~* {5} i_>j»jlf»- 4; C 4^ I, B P C-jt jlijj 

i _7~* , <_j4 '-‘—ojl 0=^ {-^} v^i J vj»j4*- 


a P = $R b P 


(r-A) 





* A P »l^jl i(j-iLj ji~*> jj R yi-1* y-*i) j|>.J J J^*" J 3 {^} 

• J ij JlA l^>- u iCw I Cv L ^ P dS ^jA l^lA 

a p = $r b p (n-o) 

^.r- U **j j\Sii yjli&ljjl L .L 

a v p = £r b p (rr-a) 


jtMW y^j* jtj 4 j1 B P jl^i-4 jjlijlyl L 1^ (VV~&) Ji>- 

A v P = i r iR~' a p (rr-a) 

jk iJl>LlL« 11, (jl ^. — j j^U (j\j* (N^~a) jl ..iI L 

A v P — gS a p (tr-d) 

ty*±j> L* *S $y* jL—« b *X- 


iJLuj; j3 (5") liL» it y«ijjU ,j>J j_J»- .(I—I pR j|»*i I f** 1 yLi *> Jp V ri j|lil»iL 


Js.T. * 1 ^ w gj | j,j ^ L ,5* jl 

_ . _ _ _ b- 0 - jl/J 3 *t ^y.j* a)^ 

iZdtjMl jjL* [) jl ,JoJ |»_aI_j>- d$ {J^t 3 (Ji*^ 3 *i -> ‘'-'“■'I ^*lts (Vf - Q) 

j jL (_fL^ wj^jU 

I j£a Jaj ji J> j C> JyOd> \j S j;bku iL <-l ybj. o' .C _^l 


5 = 


Jlj 

—Jl„ 


a = 


-Jl, 

o 

fir 

n x 

Jly 

fi. 


Jl, 

-Jl, 


(ra-6) 


^ '-kj* 1) jij ^ x ' iy>“ J 3 x J 




j^Lr* iy 


SP = Jl x P 


*u*t .isy 

(rv-6) 



CJy- IjOj> 

t~ - -1 f C_ 1 fa jf l ‘ iXAj jl -«l X J ^ (jl ^ 

(Cwl r X r £*£j~> I; J i(*jl*il.> jlA< Q L I; jl 4^ iT" X ^ j\*ji 

.Xi J>j** cr^*i J* jkiJ dt* -V^Lf 4 ,j:l >- l#Wjb J* J J# 

(ic-»- iL[; 

A V P = A n B x A P (U-A) 

i_i_^_y {^ 4 } 4j C- ; ■ ■ ■ * I; { 27 } i_jij»-jL^»- C*Sj>- *$ C*-*l 4^ 


(jlAjjj; f>4" 

A,i1( jl pf*-* jr^^y* J* 3 - •XSy' j-Xs (TA-O) iki, jj iijUji *^(*iX- 1 

Jjljo lijijl C^wi4( y'j'L* J* [» « '* * " *4 L jl_J>,_j^ [) Jl *|»“f 


2? = lim 

At—** 


22(t + A<) - 22(Q 
At 


(T'-fi) 


ps-O'y* yij'* - -> 3 J* y^> '- , jy*’ i i |> 22(t + A<) JU- 


ii(i + At) = ^(AW) (r-A) 


4j 4a**_y L ,kZ~~j\ ‘dj ^ At yL*J k^li ji A$ ‘A* J* ^ 

« = ii5.( M ^ B(I) ) 


*-(ifc*^>> 

tlUAjj Cjir^ k-S^jS" i^Ujj <-^U u[yy* ‘(^V-Y) * 4»-j* L 

\ -k z A9 k y A6 

k z A 9 ^ -fc,A0 

-fc y A0 ifc r A0 \ 


(n-A) 

L 

(rr-A) 


Rk(A9) = 


(rr-A) 





Jj]^ jjj £jjj~0*j (fY-A) (j-i 

AijA# fcyAS 

• -*xA0 

/c r A0 
At 


l*ijb (ji»^ j At |jji ^Ia^-oIc i*> p j. ...«» L 
0 -k z 8 k v 8 

it — k z o ■ -m R(t) (ra-fl) 

-k y 8 k T 8 0 

*y~u* >-r-i 

- -fix fi y 

rr-' = fiz ■ -fix (r?-a) 

-fiy fix 

l>lj> 4 

fi* k x 8 

fi= fi v = Jk y 0 = (9 A" (rv-A) 

fix k z 8 

V* OLc^f? JX* V* J* ^ C —'I ji KiWjb £-*>- Jlji fj&tji* fj+k* 

JA jy^ (>J -^Jj J* J> K by; <Jjy~ J \y ^jy^*i 'dyy \j ul»j J Jl* 

jl J_^>- ulo 3 cr - r - j 

•a I a JaI^>- \j <w^Cj-v jbjj Aw^*il*iL * ($) 





(jl<Ojtj c*£ j*j (jljUj cfUAi; 

aS' ..>Ia j-j (_jL^wjjA> jl y^ 4 I ) 

> j3 Z-Y-Z I tS'y&jk oj^yti o j ■* ^■*■«*>' 



(rA-fl) 







-i>. jl ^ oA 3 U^X) J* ^ ‘ ' -‘:- *S iJ'X) iS-l (>"l 3 c~/i ji L 

C~wJ*j Jj JjIaa <_Sl“Sljij jkj> iJLS^j olil—J Uljj AAytJyA 

^ l*;-^ 3 uiU^ (A{ 


= 


ft* 

-ft y ft x 


-ft, ft s 

• -fi. 


(r\-is) 


C- - ^A. |^ jj j Ja '- .. «*Jal*— 'l/** 1 j'L* (j*l 


fti = rr\r r \ + ^rr^rr + ^rr^rr 

fty = r n r n + r u r rT + 7S r r r r (f°-fl) 

fl* = + ^rr r \r + ^rr r \r 


1» (^l-fjL ufi'Lr* ‘^Ix/ *-"* — ^ (ji 3 ^~ l —' 1 r~*’.y j jl tali*...I L 

J-tf>U tflfjLc -O-ww y '•^ir 4 ^y.j* c$l*jb c^c j~* jl^ L \j Ujj (jL^ic 

pjjb Z-Y’Z >_jl <^Uj^ .jjjl ji (_5—ij^L* o jy^Ai jly(j-< [f 

fl = £z'y'z'(®Z'y'Z')®2r'y'Z' (fN-A) 

C^c^r- jliyj Uj^ ±£-yujy* J^J*. • •*I ^(’) ^ cU—L jL 4 j|jg ^1 

iSjh *jy“ csWjj ^y*^y* * ^(') *C*—Ljjj ^liJa^J jj^Uw jl Ij^ 

D^tyjij J I jf 4> J -ijl-S jjjijLw *C-*wl e-Li L^I ejljU *f 

. $ - "I 


T-A Jt, ■ 

ijaU-ja Ez’Y'Z' ‘<A„.)b £*®r" j\*ji *• Z-Y-Z^jl tflljj iX^S 1*yjA lE u-ijl* 

•Xjji <z«. ■ i$4j |^ *(T \ — (^} 

3 X"<_r* 4 -*~’ yj"^ <^If»■ * ■••■» ,j^>,A .(f 0 -A) j (Yt-T) jl «ali^-l L 


Ez'Y'Z' 


° —sa cas/3 
° cq sasfi 
\ ° c/3 


(fr-£)) 


I LfUtsii j 1 ‘LttijflJ 


oUju (^L^lajlj £~Sj> 

JS.^. jljU* l) {° } -M» "jIt"* ““'bjj l*4M> c ^r>‘ (X* 4 -^ U’bi 

C*>£ LJ{ j i{i} -la^b ®i ‘V'r’/ 0^ * ■ < —- J j^ |*?*lj*’ J 3 

•c~-l yx?x4^ (jJ <xkxb 

J3 .Ajli cflfijl; CnC J-, <_&. j (jJai C~c v-Sj -^b v* “ l ^ 1 ^ x* J- 1 

c~—; Ujb^ jj.1 (j.1 x 3 • j; l*- L4 “ J I J * -M» t?U ^x- 4 Oi* ‘^ -<2 

.JwIdJLi {t} <—4* 

JaJ, 4j (jhjljj I ((XfrLSl)) 

(Xii^ tj-'jj b wlii ‘■^i tfkxb 3 ix^- l^W^x* 4 V 4 ^ ‘lT*^ Oi0 i 

cJy*- |»Lj>-I <<j c--—J *-&> j* ^ c~-l |*L—»-ljl <jjyyj ‘x*^ 4 i/^^- 4 

oLjy ajL> jl J;L •jlS' ,j;l <x!x -ijS” V 4 ^* v^v 4 ; b -kb v* ‘-'-‘v- 4 jlj'tX* ‘uM 3 L^* * 

Ja^b & Oift jb »j^£4> i Jai[) C~£^-« jl C~J LJjL^ t 4" ^ -^ib C^c-j~> ^Xr* 4 

'.j^^ .. ijlj i + \ 

t$ U>... ^ OJJ- 4 ’ 4 ! b (*jr'^ 4 ‘ -^b V* jlxtx 4 ^X^lX 4 # 4i 3 J^~“ J 3 4 ^ 4 ^’ 

ojlAc 4> .cJ_/^ j* .xiS^ ixWxb ‘-' c x“ l j (x^ ‘■ 4 ' c x- 4 <-?^xJ 3 x; b iJ <^j>- 



oj^-o) Q , )Uj_ffl ^ .^(j- ij/ p— 4 xb xkjb < — s t ~ } ,t ^ 4 ' xb cr^* ‘-•'^x- •' 

• C—I -Jsj]^ il ^ X^*i.}!j J ‘-^L ^^r 4 ‘‘--‘^r-' ■ 4j b ■-‘“ib 



\KT Ja j)j Ai «itLib) <£>£> 


.J >£ <jLj Jajj^ VJ^J^ 4 j C. J «4jL 01 ■ rt*6l£l^ J Olj'cx 4 ^C^w £jJ 

jj ^ »L^1 cl^Cj-w (^UjUji L it H - ^ j i (jH 

. jj L Jiw jLL j iJjjeJLw 


‘C^ly •*—^ O ^-*—* J-> jA <*5" <J !*lt* l> u u'i'J 4 L?L£*r- 

<C~J t JajJ; (^IaejI} j-* jL^A e Z ~f“ ^ -ta-» I ) (_jiAj jlj Ce£j«e cA^wj jJ . b 

1; t^LC ^—e aLj|; ApJe 1 -(- ^ _ia»[; j3 ^Ia)-* *-—k^r-* j-i 4 ^ lJJj-Ia- AflJj^ Sj>^C 4 j 

‘^'-LT i>r-^ {*} V>TjU^ ‘‘i C '?—' oLt'c*'* 


*«, + , =*«,• + ;+, Jl 9 l+ , t+ 'Z i+ 


(tr-d) 


i+\ r 


&i + \ ' + ''Zi+\ — 


9i + \ 


C-S Ju iS A^-yi 


(ff-a) 


(j'i'J^ Ailj^ jjb jLU (jl^ i{i + \} _> {*} •- i ~* J -kLjjl Ol»J J Lr^>^* 

J*^A t j jjji L-T*'*|»E lo6 jl fl T .III c {t } IwE_J^ jL^3- J^ |J—<34-4 t ^Sj^- y\ J> tJwE Ai Ltf> I 

b LJ^jb l -^ c a " 4 AiJj’* jlj'tx* ijiL;^ ■■ i ^ix‘ '~ ' a - ^ y {*'} j* \j i + \ J-ai* 



’jj^v V“ A j£w 





jlfu* <i + ' R ji (Tt'A) Uil*< Jtjp J* (y*^ O— * jl v'_ r -£>) ^ 

i-jyojf (j~»- {* + ^} W + ^ “M> cJ^jb 


•+', 


w >+' - ; + 'fl *«, + «<+, ,+ ' 2 ,+n 


(™“A) 


• {«} W* (jJa* £-*r- L C-~l jib; {* + ^} l-V c '' fc - r " 

j l»-A ULj3 ^*1 i JaLtj j ^lg>* 4^ <u]^4 Sj^£4j 

j 3 11 P{ + \ CoL *l*wl j* 4 ^ OjLij> Q >I L *J-i ^ g *«^y (NV*“A) 4 ia*b ^ 45 * I 

f*ijl^ cr-i -^lt 4 4 ^=r ^ ‘{0 

l Vi + \ - *Vi + l o>i x f P* + > 

3 ^w ^4 4 ^_JL* j 3 j.> ^ L 


t+' 


=?'!$*+ i u i x i Pw) 


(tV-6) 


qA L J^lx* JaJjj l J—<aJ £jj| pto ^j T .»^ 4 jljJ^ J; (fV“(5) j (f6“A) (^IaaI^U^ 

jl JjIOjLc 4 C^—I Z “I - ^ 45* ^iJl^ ji 

i+ v+> =; + '*^ 

<+ ^={ +l ^+^x^ + 0 + ^ ^'Zi+s (TA-d) 


jv 

i 

Aj 


J ^U>jv <y£u >3 Ja^ <0 Ja»|^ jl £jJ j 3 ^> j 15 a» L 

J L$lfc^ ^) 4 S XI? 4 >jjr b iJa^b (jij^T Lf^" 1 

j^J .C^-l Ju^J^w *Jj 3 ^lj>- fr J*jI j 3 4 ^ (_$j^Ip 4 j <^ 4 ) I .XjI ^-4 C*-«i 34 j {N} <— 

jy R ij*^ 4 \j Cwl ^ilS" tj+j l S* 4-—„l^4 AiL oL^I^u s —' 3 j3 1^ L^Ltj—/ 




r-d jbi ■ 

«c^^l oj-i 0 I 3 j (_gl^L ra A^ L ^ 

L v|yr C - ». ^3Ai tiUjt) OI^mJLi c^Ia! jj O jy ~&^ b CL"£*j-n 

.xJ' jL *{°} j-> j {^} j3 <0 1 jy-& 

1 r*j“4 L i-|^w^ 4 e Jj 3 ^ ^j^-w j3 4i>ll>. 

c——i jj .j*^ jL {f} »_ij»-jLf»- ja b ,^1 i-L> £~£j~. _) iC~— I »xi 







(rr^LT 4 V-'^’ - '- 4 i) CS^i^ <yj (J~i '■ > ^“i_f-* 4 -*LiLj i_f& Ja;!/ 



(M-O) 


eij I j 4 >. V* 1 fl a 4^ iV V* JLL^ (_£j^L 4 £|if JL15 * te^y 

J {0 tfLfc^jLfr*- £- (^1+ .S,jz>\^! 

x^^ui jl5" ^1 Cwl a> I) c -*««•«> iSjXt*^ yiS' (Ji«V t —' jy ^{^} 

(^V — 0) ^ &) Ij^jt l* .( 3 ^** £3(_} 





\AV jjo* Jeulj Ai f^v)j jl 


r w r = r ijJi 


l\Si$\ 


T v r = l\C^0\ + li(6\ + #r) 


(A*-A) 

( 60 - 6 ) 


(of-o) aJilfc* jl jj {r} c^lu- 1 


I *JL_ v Ij> (60-6) ihl*. 

.4 


p-R j{;j3 \j If I <^Lw ilj *t c ^—' ^.r- j-*/ l-’si (.jU 

ij-i/ 1 <C-i_y o^- 0*1 ok?- 1 


;i? = ;i? }a ' r R = 


C\r “Sir 
■$u C\r 


Jjbi^-4 C-*w-i4i 


Vr 


— l\S\ 6 \ — (rSu( 0 \ + #r) 
l\C\8\ + /rC\r(0\ + 0r) 


(6f-6) 

‘jlo- 5 

(6V-6) 


silCwl .J_jl i j>j\S .^S_^3 I ) (fV- 6)_j (f 6—6) (jUdJjl** 1*4-1 3j,j\i _ji JiL L*^l jj 

iC-JU- jjil ji .(r-6 Jll* Jill*) c«~J yi-U^ (jl-j-jL-c jijjl c—« j4j ij\ji L^i jl 

* - --j' (66-6 jkLit*) Oj^~^ 4> li j-iijl ol—L*c |.Uil L 1 ^ (_j^L*j 

i~... 1 ijijj -.lb j*b^l 1; ol—<bi-« jl (j^ji ^ LJ~r-' 

4j jlji(_^< (| IaaIjIjw jjjl -C*-(l 4*^Uvi (^1^ (Lj-I jJ J~*< 4i_jS^A jj-1;) Lftjilx* jjjl jl 

.j:I>I> Ol**A4j lj jl L^LL C~C<U—.1*1*4 ' J C —y J>_J (_^L-/i 

4$jI jjJw jl5* ^aI* (^jjL ^A j, IaJaI* 4 £>) ‘|Ji ji* lf)*l 

<e Jl#I C-*^A4j lj*» \j^- iO (j>\ jA LJ . J»wL ^ (^La^J aI** jAjjl C**wA4j c£J^ 

^jjL_p o^ ]y>- LL* .-iil* lAdJ^U^ j O—.I 

I, U^V-^) t -0) jl) oLU US' J\ 'F^ 1 . j^Ij^ ^L*) 

^Ujl At *s\f. ^ <L*i* 4 ji 4^ .La t^-AA |»L*ul 

.«Xw 



W6 v-6 

jl j* *5* Jj j-i; {7 *vU«J jl J^ij 


y\ = f\(x\,xr,xr,xt,xc,,x,) 
Vr = Mx\,x u xr,xi,x 6 ,xt) 


(AA-fi) 


2fr = /,(x v ,x r ,x r ,x f ,x a ,x,) 


f . ‘ i > - iSj^y jl a^ll " ■ ■' L it^y^y* L Ia4JjIa* £jA 

Y = F(X) (Al-A) 

iSj^yj *xcU jl« |^j“• ^v- Xj ji^aj^ jl jjA>U o \j yi 

, _ df\ , , dfs dfs 

fiy\ — q—< 5z\ + - 5 — 6xy + • • • 4- 7 :— fix* 

ox\ 0 X 1 ox?. 


, dfr, 3/r, ^ ^ df r . 

^2/r — —& x \ + a— &X\ + • • • + -x—^x* 

C/X^ C7Xf £/X^ 


(*-*) 


r _ fl/f r c 

by? — — — 0X\ + ——ox r + - * * + 77 — Q%* 
0X\ oxr oxy 


Cmjj l/- '' 1 ? *t Sj^ji jl 6 ^LaCLwI L o^y^j 4 j? [/ fj»\ 

dF 

6Y = dX 6X ( ^- fi ) 

J L ij jl J \) ji ? X f* 

jyut (jl4A * .. t .« t\Sj] .XXL (_ji»-»- j «C ff(X) t f\{X)^j)y _fi\ & X^S *s~y 


\A\ l 4 J/!; 


Cwj* **JL xaI^> X{ jl 


(5K = J(AT) 


(ft-a) 


X 


c-ill; [, ^_/Ij jly,^ < 6 >r ./. i*: 1 "* ' 4 

Ca £ Jal j J y (jlf^C4; 


X = /(x) x 


(?r-a) 


“JajJ J* .C-w I Jw *-Sv ,7 (X )_)*■!jU £);*■« (Jjljx* X ituJ ^A j J 

.XljLj L jjJiL* --^Lf 4 J 55 * J* j* U^“ Ji'V J ,J i- i »- 

^jiSi (jl j“ f - J ■ ■■ 4 j I jl rn £^>-lw (_fj^ jl 1 —«.!■£ .fciwlj, j 3 


V = V(0)0 


ft a laT>.w I <jJ L 


(f-t-6) 


j± . Ca«. J j LSj ^ j <jaL rt <4 jJj^# 0 jl 4^ 

i—tU+^y 45* Cm I ftJtw 4jL-j?f J LPTi ^ a Lj 4j 4j^liC4 

J ‘so>-j^ Lrfc-^ l u~i.yyj Ot) --^lt 4 <j^ !> <yL^ lX1 ^ 

JW ‘JL?^ l/* - * ^ji ^ jl ^Lj-*»aI^ 

j* \jij •£*—-I (_5T(^ia Aj £j| .ijJ^ *^j\j £*+£j—t L «^jl.rtfl4 oI^aJ 

t - r*-iJ'L - tiijS’b ‘J-^ 4 cr^ ^ cJU- .xS^ j—* ^jS’j[)'-** 4 JLfJ 

l X \ yjjl5a LUi^w .C■*,..<I ^ X ^ V $ \9 K ^ ^jbj< 0 iP X 9 

-ki^j »4 <Z • 4 ,«.Q 4 j Tx \ jl- 5 ^ J f X \ j^L> Ca£^w> jbyj *A 


(?a-a) 


(jU^kw jU* .i/^ ul>(_r* l> 

L^i—«au4-4 3l-*jo L jilj> jl i|j*» j ‘Cl -1 'Jji ^^«jL$J (_^Lia# j3 ij 

4l^b Jxw 4w JI ^M*> U»i/b ■< ;: — 1 j^La 

^^5"jLii-t jl (_^l^ 1; ' «Jj[j (jlfrL^uu L (_jljbjjL j 3 L] <jLtL 

*(J~* aA ' 4 ^ CfU 

^ L ^fl.4 c- C' - a I 45 *£~ly V x V ^^1) j^(_ 5 ** L ^»_jj ^ 

^Iwl 4 j V - (iS ^ ^ *^J^ w (_y^ ^yJ* (_f j*y* £*+£■j** 4> 1^ 
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A hy = c /ty - Tnx c y,. (T£>-f) 

jjL/ -Xi'^A jLl {A} V'J^vU^T A C - ... i j^, £j3- '£jA ^(1£a P c — [x c , J/,;, ^c] T jTj-l 
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C«..i^4< ^Ia« j I i3jh£ ^4 Ij ^ 1 ^ L^JL^ *L- j^ . C^.. iI 0 Aw 







T ^ \ jJj jL [_f j IoL— 

jLjL jjjj-j o 1^1*4 
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ft jL * J j Zjjy -0 &} dj £y\ 1 JwwL ^ J * ■ ^ i "I" ^ ^J» _/ J 

i+ '^ i+ , = j+'fl (tt-?) 

JbT^ C -r-ir^A> 4a^|^ jLS" l tJajl^l v_ j y*~J Lf^ l>--ft ^ ^ "*- >_> LLu 

• + 'i,- + , =| + '-R [^ X ‘An + *«< x (‘wj x i P i+ ^) + '*,] 

(rt-?) 

Jft J O(( \ 0 ~9 > ) AJiijW jl ft j|j ~ ..i| L) ftia j\j £j! | «JwlL ylS i -f- \ 4jn#LL>. iS 
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‘v c , = < W I X ’ Pc, + V- X ( i w, X 1 P Cx ) + 'Vi 


(r?-f) 


M (*>>• AA j; ji W 4 J 3 J^y -Mi y 4 J-^- 4 {C>} 'r*>»vU^ lAj- 1 
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pj • pi ■ * ^ 4 . <.ii-^-4 
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: rrr*J> l> J.j ‘jij ciLfc^l-J ijjUu. 
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j *V (0,0) *M(0) » i J ? j im p-*y j3 9 , ~9 r Ji-i j3 #Jut ft^U ^>LiJ Lfjjl* tsjjt 

• Jijjl C—<34* |^ (j^0) 

u~ij*^* u^ "^(s* i — SL ij** \j ‘A/(0) j> 

I^»jU .OvwJ 0 jl 3^> J tJj|0 ■ _ ■ j - h * 4$" 1 fr Ail+jw 4 > 4 


M(0) = 


/JtTIt + Xl^lfTTlxCx "I" + 77lt) 

l^TTlx "f 


/Jm T + l\l r m r cx 

/Jm T 


(Po-^) 



^ ^ jAU jb£>U 


'I jjub *j[»»* cAz^iJ "-* ■ •*■* die" J o/^-* *j]j«* v*^* <j^t’^“* cSjA |*>^ crij'^* 
.Jujta c»c^ 4> uuI ILiS"^Li y(0, 0) iCx^ 3l» > - 

LT- 


m©) = 


— TTlyl\I x Sy9 x — \ Ttl x l\l x S x B\& x 

m x l\l x s x 0l 


(*'->) 


C~c-J~* Jjiry *> lji_j .iUvl jSj* A ji£ iSUf* Ay. —fTltl\h^xO r x cjIaL^. 

j Au 4 y^y. — ^Tn x l\l x s x 0\0 x oy 3 ? «jj!j j XL»i <? ft« 

.o—<1 OjL lL * <7t ■< ^ ■ ■ j■ 1 - --> 1 -*- ^4Li ejl^%-A 

'*y~'i_r‘ ‘tjlA'-A* '9 ^ j* jij* \j ^LaLj». *xA ‘G(0) IL» 


G(0) = 


m r /rffc u + (m, + m r )/(£C( 
mrlrgcu 


u~i 


(”-?) 


*1)1 a> <jjta ^_A'~ “■ ^ ^ XlS* 


(j-LAu SJ^Lim 

•A> ufjj~ a *‘. 1 1 cjUJjI** <V(0,0) < C J ^mi At 4LmJj 4jw». -> - L 

r = M(Q)Q + 5(0)[00] + C(0)[0 r ] + (7(0) {fX-t) 

[00] j .t^wl u-AjljA' r-ilr* jl re x re(re — N)/T jL. 1 *» fl(0) jl ji *5" 

»ili jjj o jj~e>*i *SuLaju <_jL$ie^_ i_j j.lal.^Lv jl n(re — \)/V X ^ ujb ji 

[00] = [Mr Mr ■■■»«-AJ T (^) 

*—j jy~^ nX \ tyj^y [0^] j 'Ay* jl yA 'r^iLr^ jl re X re j^L* ^*(0) 

Cm*»I 

[«■■• ^] T (^) 

CJjljL j&* £;t Jaii jl (jl^jL l^j i^Li^ t/Xi j&jj *JjLm \j [f’X-f’) ihlju 

.[r] 


jklt 


OL—Uv» (_flkJjl** *\j\ yij J tf) ji 

^La^jlS’ja •£>-<>>• (^1 -^(J- .0 Cfjjli «j&* jl u*! l: ^ 

.a,la Cm-j»I Juljj, jjL cJj- l J-L <£-&>> cf^aL. jb J 

JjLm jjl j .Xjl.^Lai.. j&* -Lii jlji [> {P^-P) *^1*0 

\° J_<ai jj {, *Jal*. jl (jit .(ala j —tu jjL L |«l£-A dljj’tx' !> 

.ala jjy> a»j< -ajj^ »jl*,>a .j*U LJ.ijl' (*^“* * 


"■“" t-f Jb* ■ 

j!) C(Q) J 5(0) .JJ (ji^ja ?-? Jiija .Jui .ala jLi:>U ySJlk utfL cfU 

C^w34j jj «*r-?) sjai*. 
pijla iJa^l^i ja L eaL. i£jjL j;l <j\/. 


[00] - [Mr] 


[ 0 r ] 


'8\ 

•?. 


(??-?) 


.5" a_j*^a (^-j 


5(0) = 


— TT7lf/\/fSf 


(PY-P) 


C(0) = 


[mr^/r^r 


—mrl\lr8i 


(K-fi) 


(^Uj^L (^UaJaIiM ^ ^ 

j UjjJ J-L~ ,._£_*La ja (V' 0- ?) j (W?) ji ‘.W-O'Je' 

C~<ai(j (jljt I; (jJ* ja 4 -js^» jjt>A; *(j^; £gl ja .C~Jjljiwl .L^ixl; <jUjjl— t 

.a !>1:4 j .(^i-.La^U.Jal*. jajjl 

.^l/^ yijL, J a ,C~i/ ^ ja a^pj JaU» £ji jl jljJ^ [> <-^^.a t 

■-Si A, yijy J 3 <jL_£j j*L* csbjjL «_s[_^ £JI .ajla n<jjj\n it ji (jlaLfcj 

,_fjjL i_So U& li- cJU A; J j^aZjru i_S_^L.a jl L» (j-yj; •4r~’J -^-*1>»- *?~i 


V t ^ S*t jUjjG liji ji^jf ^-.xy ji (jijj 

l (_^^ cJl»- ji _^1*15^ \X*JJ. lf\ji '*J. j^ljiajl; ^ cSje^J _/*L* 

.J^ I, [f ] 

-Mi <j- V ’ » cOjil -fiJcf* c — J4 < <ALi^ l>‘“ • •' * tJj/l cjj* <yjb^ 

c-ij! o!/cr* b '(^<) ‘(*1* 

kt = ym; v£ k v c , + | 'u>J C 'U 'Ui (?W) 

OfJjil ‘(*J J J ‘-k;ii (*>?■ o^ a *' *-'^v— jl (j*" . ‘ * * * cOjii <Jjl iJ 

tj-- ; - * £>*?-* b JtlfiJj^i lfju*l •‘-—'I -M t/io* £-fr 1 jl L»*“^ j‘ V*^ 

UM jl 

* = X> (v-^) 

»=> 

(j-~ ; - * ' <JjJ\ < X‘ .«. » 0 j 0 jl i j*>\j> ji l U>i j Vc i (_jU<tlw»- Jf* 

•ijS jL< <Ar(0, 0) <1(1 ai < C^c- j~i j jl&. jl OI ^ jlj?(_^* I; J*\* 

'~~~y jlj’ij' 4 b Aib 

*(0,6) = y0 r M{ 0 )0 (Y\-f) 

O jy*£>A* j Lc .-Li A - ^ 4$* Cm I 71 X 71 jjU Af(0) jl ji 4^ 

«jl JxwW jl ^liwl I^jJ tJkL*fc^y4 [A] |*ji A>ji O \j (VN-"^) 2ja Aj 

iSjJ 1 «CmI |>ji jl 4{ Ij J yh Ia<cL^>- jl 

jj^I* JjL _^L« ^ u+ojl* <Cwl C-. A * *jI^a 

JlS^l ft LfJ A>jj O j_y-& ^iC«-1< ^|jJl* (jl^jl* .JuiL 

^ii«# OjLx L o[y(_5^ \j ^ *c^—#! CwU j 

^Li *(jMai 

A: = | mv r (vr-^) 

.Jl&wl jjj; C~X. »jl_>^* lj b^J’(y , j~‘ i'Xi'i (*j a r lt - .^ o^j; 

‘-~y (ir** 1 ob^L^* li ,w > ‘)*^ -Lb <jjj\ 

u { = -rrii ‘g T ‘P c . + u reJ , (Yr-f) 

Ur «/i J *(* I* -L[j (>_r^ j^* jli-* SX^jjLiu j\iy Pc i j T X \ jb^j 5 ^ 



jk l» (j Ujjl c5Ld»Ljj t T t 


J *w *>L J*** j* ^i jl^< <—*—'t 

Cwl^Lj; jf c?^fiL jtj/t jl)^ j* 


u = X] u < 


(Vf-^) 


Jl$_^l (jfcl; jlj-,^ J;i>L J—->k <jjj\ ■■*■ ’— * © jl (vr-f) ji ‘Pc, by? 

ttl(0) i^+A&A jl£> jj 

ft -*i jJLS—rI (_^*;t jl cJjp~ j^jjl CwJ4j (j\y \j (jj\y) uPjw 

t— &lj*j p,,.,. .„ lS, ^ ■ ? .. ' . •* ■ j I^j 1 I-A"**- J Oj^4, aS" 

^j pJ.•> ■ ^aL« ,U (jjliS'jL; L ^llx* .^pAl^i >£**•-*1 »jl^> 


£(0,0) = fc(0,0)-«(0) 


(vo-?) 


XjI^* C—04, i^j—^ j? jjl; L?t*‘*iil** (j— , 


_d 0£ _ d£ 

dt dQ dQ 


(Yf-f) 


a!.>Ua ^>1 *^^4 *jy* j^ -O—^1 jl^jJ^lS*(_jLA^jbrt^5"jl ti X ^ t j* ^ 


d dk dk du _ 
dtd& ~dQ + dQ =T 


^ur“ iW ue^f 


(VV-P) 


. xl» x£* <_i , j i . t^r * > » J c^o Lc j jjJx * 4, «u(.) j .) ^Ua - .L^ jl j j aS" 


0-? JlL. ■ 

(jbtjj ^.>(j i_yl;li ,uu I #j-1 jLi^ Y f* ji *f »RP 

0 o 

hy'- ° 

° J„1 

CvU c;* t»^?*^£ 4 cfluhU, ji0i. c», ■•■■ J-—;L jj^l ,y_y». L^ .^jlj jj 

■Cwl .lyJj j*-* *i ^ ^1 .*j> tjjLii-l 




rrr j * 



.&-? Jtu .RP jaL- ^li- u^l v-? JSL: 


T „ o ° 

J rrt 

C ’/r = • J„r • (VA-P) 

o O 7 , 

-Lbl; I*^ *J«3 Y-f Ji-i j3 aSoLj*. .C*—I T7lf j 771\ l j-j |V^ 

* ^ 4 JJPIA jl dy j*j£-« j3 Y -la#]; |*y>- J ^ ^yL^-4 j I l \ aL^U j3 ^ 

|^ jjl* ^jjj c^S a]^Lc4 ({^j* [p*^ jJ o 3 LaH^wI L .3^13 j|^ 


fr, = jm,^ + yJ„^ (YVP) 

jl Cwl OjLtaC Y Jaul^ u ‘»‘ -> ■ CSj^l ^ 
fc? = yJ7ir(d^![ + rfj) + -hzxO\ (A 0 -?) 

L jj; JAl_ji jjl^. Jf ,_ , •■■ . ■• » • t£)_/l (_r-j 

fc( 0 , 0 ) = y(rn^( + /«, + / zzf + m T d{)^ + ym r df (AW) 




vrf 


£*~*}*i (J~^ N -la* lj ^J;—jtj ijjy \ i(VV-f’) jl »iUlwl L 
U\ - m^l^g sin(0\) + m^l^g (AT- P) 

CJ,y j<j OjJ-04; tJa;[, J-—* tj <jjj>\) 

u r = m r gdi sm(0\) + m x gd 1max (AT-P) 


'I Lr-^ Jr“*k lAv'l LTt •‘-'“'I ^Tmar <lJ ^ 

u(0) = girrisU + m x d x ) sin(0\) + + m y gd Xmax (Af“f) 

fr~^Ly J !> (YV - ?) isJ/.J^ 3 JJ* <jV^" 


dk (Tn\l\ + I zzX + + Tn r rfJ)^\ 

50 m r d x 


dk 

80 

du 

50 


[mrdr^j 

g(m\l\ + m r d T )cos(#\) 
gm x sin(0\) 


(A0-?) 

(A^) 

(AY-f) 


iJ ^~ l *(VV“^) ji jjili* (jjl JijS (j>_ L Y^Lr-' 

r, = (m,J( + /«, + I 2Z x + m r d\)e x + \m x d r 8 x d x 

+ (m x l x + m x d r )g cos(0,) (AA-?) 

t t = m r <ir - + m x g sin(^) 


l^cr 4 


(AA“P) 4>y L 


Af(0) = 


(mi/J + I zz \ + / fi T + Tn x d\) 


m x 


V(0,0) = 


Xm x dr8\d x 

—m x d x 6\ 


G(0) = 


(m,A + m x d x )g cos(0,) 
m x gsm(9 x ) 





YTi) jLhi ji rfUjjL yS-ob* jUJiUi jjjj! c—Mj 

ji CfUAJiUa jijjl CwiAj 

J>j\S* LfLaj 

isluaj j3 <jjL C ^L^U L^UjJ ^ylaj (^l^iS-2u J I; 

(•i^y C—34; jjj ^ J$-i L 

r = M(0)0 + ^(0,0) + G(0) (V-f) 

jjj^I j3 p ^- *lj?(j-» Uj Y-^ •JiiJuJ L#^~ ax ' i> ‘^■ 5 ^* uJ ^* 

(_jUJ3lt4 jijji C~-3<t aI;^ '(_r-^v (j;l j 3 •<•—-^• sit-* I ("jr'^* C^aL* jl lU^laba 

jl A 3j!j<yjlk (jlAjjLlf j Ujj.; A; I, yijlS’i LJ^ j-> yi^ ^ 

T= A3 lJ-*-'l' i ^ 3^ .XlS'^ -by.j- 

cJU {j Liai SjilfcA 

aI^Uj p_Al_jiu c»-J (jS-^4 °j~'(_r* *Ali ^y-^y ^ j ^° J* 

: M [»-— .j ^ ^ j ^IS" O yljlSi cjIaA; C~ ..- i I; LSjj^i (j^r 4 ^i i 

J r = M r ( 0 )^ + v;( 0 , 0 )+G r ( 0 ) (m->) 

(jljlSi jb^; A’ J ijlj ililjj (_^Lfr UyV-* ^ ‘-'"^ LSjJ^~~$-Jlk > J^ji ^ J* ^ 

cjjJLa/u t_$\~at *, ^ .c*->l [V] (_^L^ (jyy 3 ^\s. 

(_jLij ji c*s-j~* a £—>\j (jUaLj»- J^Li j\*j> V X (Q, 0) j*j> M r (0) 

iS j~S Yy -‘--—'I (j'j^"- 5 cjbii j 3 4 ~ -; b (jIaaL->- _>b^< C r (0) ^ -^yj LSb 

,Lji_aju j3 ^ll_j (_fUjlX[,l^ Ja—,jj C-j n . ~ a. -» - ji XJl^^ l (_#i^+ y s jlj -T 7 

JjjJL*X-I J aIsj|j 3^j jl? L 

r = J T (0) T (^r-f-) 

.c^-,1 {T} v )j;! Sl_^« aS\x j T jLa j* j? J( 0) <1^ j 3 ^ 

• I 9 -Xw 4...»a^y 

IXjI .^■■•..a> jit y j 4> |^ ^) j (^°“^) ^1^1x4 

(*;JtS^tx* C ~' 3A ; J irr^r* l ^’-^ > J3J^3 J* Sr^T jl i I 1'°-^) 

J-t t = J~ T M(0)0 + 7 _r F(0,0) + J~ T G(Q) 

T = J' T M(0)0 + 7“ T V(0,0) + J~ T G(0) 


(\f-f-) 




jJ 0“J <-?[* 'I’S'^CT* ^jtJiji u'j^ •r’l*-" _) (jLaJ jl t_itui ^ (_j|/(iai[| (j—— 

(rr^cr* fir- <_^_^'j Au* 

X = J0 (W-?) 

‘(J_y L> * • " ^ 

* = ./0 + J0 (\f-f) 

f’i-^t.J'* 1) ■-*■•* CjLjl> v-ih-i j Jj>- I; (^ _ ^) <J^U^> 

0 = j-'x-J-'JQ (sv-f) 

r > m-f) L 

JF = J~ T M(Q)J~'X - J- T M(0)J-'i0 + J- t F(0, 0) + J- T G(0) 

(U-^) 

C—/i4 j ^(Sj t^La* rt):>La ^L^jLc kJojI, jl 

Af r (0) = J _T (0) M(Q)J~\Q) 

*4(0,0) = /- T (0) ( 7 ( 0 , 0 ) - a/(0)j-'( 0) j(0) e) (n-?) 
G,(0) - -A _T {0) G(0) 

jJjja-Li jL jJ A’ j T *S XLa^ I j j* 

^ ^ *Xt *S . Aw L t Aw o I a l^*J 3 Aj L^->- ) 4^- ^5* I 4 i^w <CLw 


*-* JL. ■ 

(_£Lri L (jL^ (_£ La *J ^ (a4 

(3* .l> *i l ) ‘ 4 *! *-■* ; ■ “’ i» IaJjLu ^*1 .Ajj^I Cw34< «V”P 

i; ((^”6) ^->1**) y (V”P ji) jjlfljjjl <^l (j[t 

■■^l f* j>q^ b *^ 1 — 1 *-* u^jt ^ 


rrv (jLai jj *Lja ^UaJaU* jAjjI Cwa4j 

Jk> I LjA.«(3Aj j'^> j-> 4^jL>- - pjldlwy 


J(0) = 


/^r 

i\C r + lr lx 


J~\Q) = 


l\lrSr 


lx 


(\o 0-f) 

■V*-^ !i ji»b 

0*'-?) 


—l\C\ — lx l\Sx | 

cu —[> jl (y^j i/r" -> 


j(0) = 




l\CxOx ° 

-l\Sx9x ” 


(w-f) 

V“P jl oLu~*l b 


M r (0) = 
K(0,0) = 
G,(0) = 


mr + ^ 


TOrJ 


-(r>ixl\Cx + m T lf)0l — mxlx9\ — (Vm T /r + m.xl\Cx + 
nixl\$x9\ ~\~ l\m,xSx0\0x 


m x g ^ + tti^qS\x 

mxgc\x 


(\°r-f) 


* jl j i j^iy A j\j* lk^ j* jjb <Sr — ° ^ tX A ^~ i ‘ 

j^p jl*> /[ »Jui t ^ — *~S fjt b jjL) Ox — ° ^ a .xj-S^* jJ—4 

<_sL§ul 4; J~aa i_<^l4>- jl X r C~f»- jJ ,_^Lf l£rV fsT ‘*Du* ^ 

0^“ C ~V^ (*^ *; (>" ‘lk^ uL-^U^iJ* t(J lS C^ii»■ jS -M» 

<C~f>- (jjl (Oj«a# (jLii jjj fjlSCsSy*- LI <C^-xl ;j£~» j^- y*“ J'J 3 J jl i 

■ «£aj *“■*“*'1 J 

^jjl& (^L^aJ jj L i t / 

jl oliuwl L |j ^ (^“^) U-^/ ^ 

^ (j^ »-i-i jU 

r = J T (Q) (M r (0)^ + V,(0,0) + G*(0)) (\»f-P) 


jhjj V V*A 


JaI^>- JC-O^w *j^j O jy^ ^ 

r = J T (0)M r (0)^ + 5 X (0)[00] + c x (0)[0 r ] + G(Q) (\>6~?) 
[00] } c*J v-Lr^ jl n x n(n - \)/Y it* I * cr - i _/'L. fl r (0) jl ji aS” 

Cu i At J A U , jl 4^ C * . .J ^ I r-iQ a t J—* i—i j '-ni *-> U- jl Tl^7i X ^ ibj I Aj li^* 

[00] = [MrMr ••• * n -A] T 0°?-?) 

A^ Cwi I Ti X \ b^j [0 ] j tj^j-B jl jj £ t—■* j I 71 X W ...i ^ La (T- x { 0 ] 

Bib j O jy-a A 

[W ••• <] T O’V-f) 

<ijb [, (jLratA (jLii ^iL^ ji 0 _L»I C—*iAl jfjuu jLjB G(0) <6 JjS 4a-y 

•C x (0) * G(0) j B x (0) ^ fl(0) ytf cJU J* LI 


V-f Jfc- ■ 

\j C x (0) _j 5 X [ 0) <Y"P j^ ^~^ jJ^-! b J-! eib jl!* _^aL 

■■kj^ ((\°a-f) ill. jl) 

J 3 ‘(TT* 3 J^L’ L ^ r (®)^r(0) 0) l r>*»J-A’L- £\ 


5,(0) = 


m,\ll jJ- — 7n, r ^/ T s r 
?n r /,/ T 5 r 


G x (0) = 




— 777 j/) 


O'A-*) 

o-v*) 



b ■ V ».>i ^V/v£-\ i jjlS" Ij ft -A*» I 3 4j L 3 La dj J L*_-* dS Jj 13 (—* ■ % AI a! 1.. -. a J 

jl 4$ X . 1 -.A. A l^li d£L jj ji \j 


L CKU. ,-n [ (X\bi^ <Cj ^ jk, ji a 5" £-J~4 (j* U- |» I 

jl 4 $ .Jkijlj ^yS'l^ira- <^l (^Laj^a-i j^Ij C*^vj L^4j—<L$ w* aJbS" i4l»JJ . Q -s . ^ 1 





jjjj. ji j.Li j .Juil iJjji jL-* c —J <jSIS-L^I u^xx^ ,x ^lf‘ 'I 

,X>J tjf ol.^~»l Jji- 4; (jJj-*> i_il^ ~ . : .«. ^ j jj l> jjb U^jl* ‘~^J 3 ~ 4j . ts[>i 
\j ^SLSia-^l (jjl jl J;b “—j! j j^S” • tjljt 

jjSLjj Li"l^k~<sl .LlS-ta-tfl ciU t^L jL-; (uiij* JJ^*i a ) 

n^jj^jj .c ~~I <—whi* c-Sp- c-c^ L jl jjLl? jT j* ^*-^"1 


r-j 


T~friction 


("*-?) 


jlSib jjikif *Su_SlSJa_ol ifj^ SaL J-l* .Cwl i-SlS-L^i Coll V jlj-» 4? 

J~"* LaC^wAj j I Cv*jU 1*1 tCwl Cob i-S-li- <^S"LSwta—.«>I jl.ll* .C*«J 4 ^ «i > >-5"l£h..ol 

Jjb 


r/Hcti.n = c sgn((9) O^ - ^) 

■_<KL-^I .CwJ 0 = ° 45" c jLli. .CoJ ^XCi. o/lSJa-el Cot C jl ji 4^ 

• Julji- ( (J 5w*llji) * v^lSJa-sj) <—Oj~i i»Jji j<o£»-_jS tX-,L ^ 7^ “ J 

SJb__ <ykU ^^SLlSt* LfjjL jl (j*»L J-ax» jAjJ <»SlSJa_s>! j-ij; o5-l>- L jj^—iJ 

^ yA 4^ C~J <-~.L J-U .ijta • cl/l jS.a j * J 

Juljdn* Jl Ji jA 1/ j li j$ J. J* \j 

T/riction = C ^n(fl) + V0 O' Y_ ^) 


^r...„ yl J -lii jl£* 4j (_SlSia~<sl jl-li* >jaI* LflAjjt i^lfLai* jl CijL“i 

i_ijy»vj jl jllyj 4 S C*_olj UiJuJl*. jj* jAjJ Ljl»j»b juts' jl^^ i> J - ! o ^ (J^“^ cM* ' a J^ 

• J_>vj L_) Jx* y~* J-^U. jlS-« (_r.Lt J. <-StSia_fll _) ^x^LF 4 ^ 

<^_i ■'. >- (^SlSJa^l (^[r> 

Tfriction = f{&i&) ("^) 

4iL>l >_JLi9 ^...■.-*- Jjl. jl »a«I c^.A<t (_ft*4L». 4 j l^ L'iSL^I (_$L^]a< ^1 

a! j jAULS Ja* Ij i a**S (_ y. 

r = Af(0)0 + V(0,0) + G(0) + ^(0,0) (Wf-f) 

LjL[, ji^i iJ°j* ^L. .Ails^*. 4ijjSftAjl/ Ja. (j>lj^ 4S-i>yb j^j iXjJI 

.ij» a jb CsSr»- il^L jj j~‘tF‘ iLcL 4 S) - - ol^l 4 S jL_ 


aU^jt Yf # 


JcS 


iji I jj {j^Jj*. 3 ‘—'[W Qi) .JJltJui 

.(JuL^u \j [ \ ° «^] a>»Lj) 


^KijUlLj) ^jLj A iy} N t“f 

xjU «^£--*Lo J-U jl j*L ijaU ujL*4*y>* (j\j* 
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jj jl Ijl-b aS - ,{r} 4j c**-~w I; 

I jL-ij {T} Ja;jj v'.^J^’ C~f»- L jl C^f>- _) < 3 jl 3 jb 3 (J^'^‘ ‘-^J’ 


\r-* 


c»_iA; RP jl ^-j 3 j 3 b i^y&L* tijjb t^bi Jij (^Ia<JjI»^ [N A] 

i *X |^ j ** ^...j ^1’ (^Ia<cL^»- ,xt C "-->j |^li— i\ La<L^- jl L*l -<-•*■ » I bJ-*I 


\f-9 


r, = m\(d\ + d x )6^ + m r d]6^ + 1m r d x d x d^ 

+ g cos{0\) [m>(d\ + d x 9\) + m r (d r + d r )] 

T r — m,d T 0\ + m r d r - m^d^dr - rn r d r 0 r + m r (d, + \)ysin(0O 


jl ftiliiwl L j^ Jt-4 ji RP jaU [^A] \6~f 

.Jj-jjl f^X> C-T'JJ 

[f ^ ° j3 e-Lt 53 b jLiJ PR ^aU t£jjL £*Sj>- [^] 

X.• \j ^\J tJ u iSJ+0 i*S\? y\n.s> \ j\ C -«■ ■>3Aj 

*I*j\ *Iyy\ 'Irr\ { y^\ j njjai Ifla;!; 

I<Z->..<! *3(3 »-ii*|^i jA | jfij* . J« JL »i-»A fzzT *^yy T '^irT ^ 

o 

= ■ 



TA \ L^j j+j 



r Pc, = 


j*lt ilal** j* & »if | JJ~ t j—’ *> ^°y.j* csU^Ua- [f°] \V-f 

jjj lljJJ-C’il jhj! »-5« ji U~iJ^ *-So •J'#— (_y* 

_ A > 

Lou^> 

V(0,0) = F m (0,0)0 

^j" J ^j 4 $ JLA 3 .u^wl *1 m U-ifjLj J* ^ 

ijli *yr}j J ^L> K.(-)j JiA (j 3 : u-tJ ^ iyki 

M(0) = rv m (0,0)-5 

.Cwl ^jjUu^ .>L S jlji *S 

aJjIiw ji F(0, 0) i^*t) J j*** t/lik-l J-^ j* ^ i; (_^lj j J [^] 

.j^jL.jLiL !,li iL(h>f-P) 

.JL -Jj\^ jl olbJ l J, b-9 [TA] \\-9 

L \j Y-f u^iu ji (_jri[>T jj L j*L l/ £ r ;l^ Lfjjt- [TA] T»-p 

2!/* lAjj j 1 *aUl-l 




j*l» cjUjjL T A V 


(f' C ^ »j ) jaj 

CwJ 1 ^ jj (f-f Jb. j^) Mb^ l j*L (_sj;L cJy- (^IjiJiljt. A 

Jjili* .JuAi p~»jC >-K;[|l" t CSjpl cJU- <0 [) V - ^ jjbiw b >jLp4j •Aj.J 


m v = f/f Kg 
m r = T 7 r Kg 
m r = V K g 
9 - V* m/s T 


yiji ,r -LJ, jj .C—I l±Z Mb ’ tS^£‘\ J> (J* JK^tf 4 {j°j *Jjl Mb J a J i 

jsA jy Ji .j_,Ij Jj iJajI, csl-cdjj (jj<i <{’T} (j* p^u* 

c~\o^r Mb 


c 'i = 


Kg r.i T 


jl j;f«i>jLc iMb j* *t '^r-‘ (j*: £j* 5-^AJ.jbJ 


'•Pc, — l\X\ 
'P c , = l,X r 


r 


o 


((_gj Lw L$\ji LS (_^l<b*lj^) ft Jj ij L^ _/kL* j l) (jj/ 

N T“P ^L?vi) ft^LcLwI^Ljl fl^lw jl (^l^> .-X*— 

■L* 


.Y 


Procedure UPDATE (VAR tan: vec3; VAR period: real; VAR 
theta, thetadot: vec3); 

«[<_"■■'! jB. si Aj(jaA b*lj| jj) 4 j ejb Dili jjl " iS ta.U jl j$ 

j ((^L < -^. h» i > -^) Jj 4 J^ jbj aS" c^wJ ^yjL«j 0-^4 period 


rar 


jjJlji-j/jL jA L ,i)(jjjl ci\> SiiAijLl thetadot j theta 
j 4 jje “period” fjUU thetadot j theta .UPDATE 

At a-L^I* jf “period” 4 ^ JuiS* *>^1 ji- 3 ^ 

l 1^ At SJLtfali c^**J >^4 .o^l (clj j\S± \Ja\ SJUU) 

j& j* JaAl jyl C~C j -v _) ji£-* JuAlji'^ „/ 3 J 3 * / ° ° ^ 

. x^S i—>l>- *-jL* ° / ^ 

- * * “ ' 

L jt\j{ tulii^J |»l»j L$i^ L *— 1 '1/^*—* ,3 , i) > . ^ 

-kjjl ^l—CA j I; Jij l)ytj I 4— _) -i ? 43 j\j* 

JuiS” 0~^ L> _ly L» SJjl ( tJJI 

[«x O r 0r] = M° • •] 

jltaDl *£ C~-l ^jSj** jL> jjl CL&j^ U .J^S j_^l \j (j:jL<4_-l LfLi 

SJ-jb 

!> jA i ^* 4 ( V* 

[Or O x 0 r ] = [r. T° \°] 

jlbzj! 4^ jL *a jjL cSj- Li. x^S |y^*l J^ tjjL>4 _ ....' a*Lj^ 4*jL -iL>- is\s. 

SJjjb 

4b(jM4> i OjL-C 4> ..A*jiaj jj \ \j \tS L*iA ( £ 

v — &/° jljiiStTf — v8 ■<> -';■**■ if ./* 
jliiljl 4 jjuI L c^> Li .juii*1^ 1^) jl Lj' i • " 

^<ww| lJhJjl-3 



y 

<eSsu> \ “ V 

C*Sj3* SXSS >-,'» ..t>y ilj Xjj- t^La* jJ j—-* S—-U\a ‘J~ la, J J 

j .C^Cj— •jj-*'" jl ji ij-'jji «^—I j*L* Lfjjl; v'.r^* 

.cU—i-I ^Lj ^ * J^j- 4 u-it-i 

j*' \j ^■ *y L ia* jl jz~~* J ?~* 4 *^,y 

jl »jui5 "oLllJ u&Jf (j\j> \j cfjjL c^>- 

jl jl j*L ^SLL 4UtU |j jUj j La* jl (^I*j-^urf jLlai! cfj jl J-L ip^A^L/ 

j jJaj o^>- jl ft^lw L [, { j^^a c^^j g* * * 4 ^y 4^ 

jl£*4 L^j »x iS oLii-J cU— J ^ * I; J& j»Lwl uLj> 

(J _4 Jli 5 jLj3 tSjSfrr-**} tX * u"^ J ^JJ 4 

^llj^ n"a«^ <1 OL^^^XO J ‘ £**£-j+>4 Cj \j ,... « » 4j j J-*—C^l/l j*j"^ jLj 

.*;|j& 

^ *■>/ p?*!^ L 4^ lt-i^ ‘4/r— 4 t-rt lM* J* 

j ~~* * -^y < Lw « L yyy*^ tJ-^L j± jl a* **?y ^ L j?~~* *L»- 4 ly^r* 

*cJl>- j o jSij* |*4^ iSyy?*^ V / . *■ “ ** ^Ay 

(_jU4 JL**j4> lhj~~~* JL-^Lw 4^ Ls^ul jl 4-^Lw fc-iLii j ‘C^C- j~* ijli* 

jmw( J»li 4^ ^*yX4 L jmm< c3 

.c^-l T° ° Hz ^ t° ^o ^1 ijj*** -Xl Jifclji- 




jj*>4 jJj! t 


jj—* Jujy j fijbji cy 15 k olia>}l« T - V 

O jy^At. \j jAL* il^lJL* J* |*|M jJ 

IXi5 oltlwl *S C~J if&j jL* £j|} j3 4^1 Jo, j3 {5} t ll ' L .J k_>_jiW;Lf*. * 

jJ y J Oy .JuS^* Cxilcj 3 _j>* jjj .. m .., jl 

.AjU p-f* c^_y x>. 

jLj At Cw O jy^>At \j {Mj~*»a A$ ^4&lA 

j3 (^Li. jtf A *V \% 1 <^l$> [JJ*~* <ul^Lj5^ ^A jl JXo^ \j Cs$j>- t^Ju^y i^S^yA 

if j '- A ?* jS> y l)\yv* j (jjiXLjlia^l .^t^S^* 

o^yiy* '*y. jIj 4# jjjJ Sjlxl L jLX L$j>. L « oJi^ w ij\x 

ijl5^l jL j j-j (aILl XuL) »L^jl«wI i ^^>-^l^_»- a» r-m' 

js* Cr*J lj j l*>. At ii ^ ^w 1^5^ L (jX xi? ^1 jl 

.C^wmJ jL*j->A *jl#j * C-?...» ■{5'} 

jl y>L igj^L c^Sj>-. •Jo \-Y J5Li j3 4&L* 

jl I; jljjl v^j^ - •‘^—'1 ^ 4 # *Jj| jl£*. 

,< -^‘ Oil C^k- <{T;i n<J (} <jk 3jy* (_^Lj: J»v. 4; i{T lnl j <a j} .j fJ Li 

(_r*l^ Ji J 1 »lil*wl 4; <I~.-0 \j j\ji\ pA ^ j&i j~j£ (*A eJU- jJ 



!/ L? j :■“ ■* *-i-kA (_J^w 4j aJj! jl^«» j\ £-£j>* '-YJSO 

.j^JLi 



rav 


L c —I (J^.j^i Oss*" 

./ ^ ^?li> ji £ ijlj ijj-^w* ulm^^i j 3 jZ~t-j oUy jLj jJ ^y>j* jy 

jl Jol 3^ j?-~- b*J~ J 3 «j|>:l , Sr-ej"Oi J i J ^jl tfLf Ori 4 U^ 

j3 J?IaJ I j I v_£j y j j_i^v i^j iLu J^Iaj a 1_ *Jl 2 t*yyf j L^i l£w« 

A ‘lti Oil jl *-^y ^ - •&-*! * cu—J \j j\y\ j *$ ^—1 £*[> 

^l?t>-4 *.|j 154* j aJ^I J?li> Ll^j Jsiij 4*JS ^ ejLwl (s[/. \j j * ** ** 

LtSTJ^: A ^ > y £*[> y L*l <p-i$A >3Ui~J ((-LlH)) *jl^ jl UU «l». A aS" 

j> ej^Lc JlII JjL Cwl ^$**-4 txsS DiUi-^l .ja 3^ jLli J; (j?** j ^ 

* 

O^T^J (j\j>. fj ^ jL*J jfj’y }? j; C^Sy. ^Uj J^ly «(j>Ma* (^UjJ 

■ 3 J ... 4 I i..<g^i j3 1^ ^Xi3 »j Lu 4^ fl< 4* ^y*> L-o fl» i«^j J j 

f^jAt lj <j I j*J* £ lj J I Jj h* 4 bllj I j 3 . JLw L j\^*Jfc Jo L ^jA L* ^ ta4 (*SjJ ^ V y*JLA 

J LT^ --^L 41^^ jj-j ^ Ij j*y Jo L ^y 15 .^JvwJ « c . . j^i a_Jj j L 4 *.>.ij^i 

JjJj o L*Mf Ll >j I (jl j3 * Jj j lL » cJU iLajul L 3 ^ Lw <OxL t^oL^L' 

Oti l; ^ <y\> 0^ j 2 o*y. Jy** jl c^Lj -^Ay 

.C^J A j -) (^ci 

(j^aA-1^ ,jA^ (^L^rj^ A» I, Ia^-^ jtj?^ j i^jb 3_y>-^ (^3-Ul4 (^L^UiUl «*d>. ^ ^1 j3 

jr^ ij^—’ Os?*' <^U “^[y^y -i»^j jl 4 ^ jt*j jl c£jA-a ^Ij y 

3 ‘[^3 .['] ji »iLw ^;l_y ^1 jl (_Ji|jjU SjLji ‘J~^* (jil jj 

.Oil [, (jJ»* cjL^Laj jlj^ur* ['^-"] 


n&o jj Y~V 

(jl*j _) Lot j 3 ) \j J~~t J$_l & p.jS'j. Ja> Ji oJ y uli L •u-*v C/J J 3 

••^cr* (y*-^ J 1 u^lj's- 3 -^ 

c -r“ j {^"} jb;^ <■*!>! k_-»yia-4 <^ j\* |> ^ 1^4 y**** * JI 4iLi a* ^A 

e^Ul-^l L J?li j| eSo jA —1 .jy^ jj^a^-1-4 .{5} ftLilwl 4 j 

j 3 * 3 y , (y (< Ji-^ 3 jy A^- 4 c^Ujj j! c5l^_y^v4 i «jj^l^ ^^r U . * ... ^ (^Ia4J3Lw jl 

A> -Llii jl d$ 3 / IjU j|^*A JjL «J.oa,« 71 jl *_&» ^A (^[^ iJub Sl^ 

•CwJ jL**$o 1^1. i ^a fl < A-Jw" <^ J^* JI 4*ial jA j3j*~j (.^j^ (J^O .3yt p. *^ t^JJA aJsJj 

1> {^} 3 jy o^ 4 ^ . jA' -j 4Jai> 4^ jUyA L^i <ua aS^jjL^ 

C5l^*t 4^ 1(^1^ (.5^ »lyJ3 Ljjj .JuA3^« Cvw34^ aLL 

* t ^ vw l y c^j/ 6 J—^ jUj o^4 Ly *3j|jj A*“■;(^Ly^u 

f^Lr* crri^ri..^^ j 3 LA 1 " 3 j_^ coA-+r ^ ‘V^/Oi^ 





LI iCwl ail— ^i/aia (^La» ji £\ i ( ji-)bj Jsli ^ ji j -_—* "^J. 

JsbJ j| <^Loiu <jLi» Xt*** --b -i*l_j» ‘^J- 1 >—L-js_ y <^Li»< ji 

l_Ssi 4 *l~S>* . rl> J ^jL^oJla (_£Lia> jj-J .) {^f 1 b-'bw 

•ijjl X>ly^ JuJj ^IS-il (*jr'l^-» -tLi jl^S. iJ 

I»_^-j ^L^Ul. v ju^ 

l; y-j?. j^* *i , <j"'“‘ ij^j ' 1 , - L, J i *ji MjI u^» jl l jW 

\j bJJk j jl£-» L Js>t ^4 fj^-aLt <^Ujj *ji»b » r j tjLJjb. J^- 

jJjw jl '—‘jy J>A ‘. , jr J _r*L LfAi^ “Sr^ j^- 4 ■ ^<t—Li^ 

2-Jjl j&4 L j;!^; t. ji jl jl-li* C^wl <^r*l± bAfc Lwl j-> •£•'-"I 

«jjj T-V jJSLi jj 4&li» .juiL J.- a t.* (^1^ Jen Sjj* jiA jli-» L ji\jt tj 

.j^ olilwl 6 (t ) jl^* jl Vjb (^Uii a <_sLr! oly^ ,3 >-'(^ 

JJ .iijla #(£) [j\ji Cj-^xi J*^ 3 vly 4 * (_r^r*" <^bi 

•^C? 1 ' J ^ ^.iljL* Aj Jpyy* 


«(*) = «■ 

«(*/) = «, ('-v) 


jSl~& |*J f ^ 4f l>wJ jJ <l5^ i«Xlt 




*A j Js 5 j - 5 .> 







T A ijl, SlA* )jl. Ji) 



0 (°) = ° 

kh) = ° ( r " v ) 

Aj L . 3 jSL&j \ I|>j! ^l-i^ ^ I aL>^»- X. ^ £ilj 4 ^$SJ 4 -L ^ jAj l)\yiy* \j >XJ J 

ilj^l/lMOjO-V) *UjJ j \y^y* « 3 jli yo JA^jJ <_£|aL*j^ 4 &jJ 

j* I_f& •-*“’(_»'■ LT 3 -*'—“* !/ <_jd^ J (•J"' ^-^r* (jj J^ 3 ~ t 

C—J ^jij.* •»■ |*J-—' A^ji <_£ I aL«_»-Xj^ 

0 (t) — a. + a>t + a T * r + «r* r (f“V) 


}I JJlOjLx j-——^ £y \ iljl^l ji ^ m * ^ ll-i j lL^C-j^j j 


= G\ -\- V CLyt -\- r dft^ 

0(t) = Xa r + ?a x t (f-V) 


4 j J^>w jl^> L jlf>- tjlaj *jy* xj jlf>- j (f - V) j (r-Y) *~+^y L 


0 . = a. 

= fl. -}- G\i^ -f- dfij + ftf 

(fl"V) 

0 — "h -J- 

J yZ*^jA J-^l*- G» 40*)ldL* fllilwi £jJ J^- L 

a. = # 0 
a> - ° 

«r = £(«,-*.) (P-V) 

l / 

a r = --p( 0 / - 0 .) 

V 


jLS^-4 ^a 1^ ■*■ ^ Xil^ i)^jt j^* 1 . ^ 

C*w*3 4 j (_jli^lj ^j| .ijL jl {S^ji ^i^-4 ^A 4 j 1^ 4-ijl ^ l. n a< 



,C~J C 


je—« jJ y TP° 
j3 45" C^w I 


\"V Jt-i ■ 

J_ai* .C — I (jS’L A»jJ 0 = \6 £~*~0J j 3 ‘utij} J-*** 4 J '-M> < -^i ^ ij^JL? 

c*Sj&* a».jj 0 = VA a j 3 ^ >-'- l,< j 3 •!/ 

cjjtA SU«~ ji \j jjL j <JtA3 |»Lwjl J; C-5p- A? -JjjjI C~~JA ,_^_)—< A»jJ (_j[aL»^-X-»- 

jl»j jl Cj \j J—OtU i_jLi J tC*tj—r 1 jl&» ■•Jj.jT J- 5 oj^— 1 *> 

<y~S j 

i J> A*.k< Cj~*; l) ^kts-*’ jlj'er* j 3 ji 3 ^ 4 u 3 ^ ^ 

a. = \ 6 /° 

fl\ = “/« 

a r = r»/» (V-V) 

a r = -f,ff 


.(f-V)j(r-Y)jl olfcJl 
0 (f) = NO/" + T»/»i T - f/fft r 

«(t) = r«/*< — \r,rn r (a-y) 

e(t) = to r - r ?,?n 

oJlw (jijb^Aj^j f° Hz ^ * Lmi l» a^ |? cSj* jjtl»—ttu-t j < jl£-* (^[ ^ "^—t r-v ^|i^t 

Ai ^"J 3 ^^jjk L^i?! Oj yAt {j**~~* aS* y 1 *-** , " * < ^ 

■ .C~~J Ctt*jj At i^pCjk j 

J?lii b (_f j .,t«.A ^j«k 4>ji (^l^;lAJU>Ji^ 

ji <-i-i* aLa j i_j^liaj jUj ui* aL-jA; aT [? jj^St 

J cr a ^~‘ ■■ > ’ ■ * ■•■» (jr-b;; Jpli; A? I? p-Aiji-jjA .(^cJU ji 

J* f'^lyu'* ‘-^Jj 3 u_^— Jb- *. 1 /*^^ j* j 3 (j^r '^ s4 iAiA 

jjJj a 5" C—I ^(1 tjjui Ul *!»;_/ jbii; jT (_jj^ t; r-V ji Cw34i | >y— A*ji 

a^ j 3 l?IaI». ~» - X c_?|/ 1# ^t• j^ (j—'J l? -^1; -blit jl 1 —^*_v 








jJ y v?r 


j\y.\ 3 d&* < r— 3 -S. j? J* “-* JA ^ x '^ 

'SjSj ^'S ^ ‘cj—i^T! J* • i J~'LT‘ L/ a -’'““‘ ie ^“*rJ *i t -~r~' 

ill —4 ,jl jl u~i ■* L$y.jj jl *t ‘jjjlj -< 

jja*i \j J-<a*-* j* -1*1* & LT'Jji l ix'-J"' L'vi 

. . V , ’^ u* 4* j 1^4-A 

(_jL^.laJL» x^- ^l_y^ olS'jT iJuiL fjU* (ji-jLo -Lll jj Lfl. 43 «< ■— | ^ !L/ * (-sU- c ^ w _^ 

<iiX .j:.:-....; y_ 4 s l£ltfU-xi Uxl j> LI .|*>jji c-j* jJ xjL [, p— 

J+J£ J>_ j (Y"V) (jL-lLj^ jJ »Xi (^Lxj | _ r -J ,Xlpl *4 ( 5 jIxLi 

*(•) = 0. 

0(f/) = 0/ 0-Y) 

jl ^ 1 ^-jLc \Jt-~ay [) ^ (jl-lL^-X*. (JjI *S (_f l-Jjl ^4 jLf» 


0 . = a. 


9j — a. + d\tj + a r^j + o,xt T j 
9. = a x 

Of = a\ + Yoift] + Xd^t^j 


('-V) 


C—ji*; O; j^IjL iL*JjI* 4 jjjI L 


d. — 0. 


a N = 8 . 

ar =U 6 j- 9 .)-U.-U f 

t/ l ! l I 

a r = -L(o,-o.) + ±(e, + d.) 


("-v) 


+r w ' V 

lj lj 


^lg> 4j aJjI 4? \j ^y-* J'--* 1 L 

.3^ <«LwrfUv4 tfrJ (jit i3jL-i^4 ^ ^ ■ 4 

( ^ N“V) Siaij^ L e LS^jT tp-oijb jj 4 ^ a > nn (^ 1 P j~* J\ 

(^Lj-ijy C^w34; I; Jo, ijf |*^-« *>-jJ |^J| y^y <J ~—* jl j a Cf|/ 

3^>-j J^lij >^ijl ii ,4 (_£ 1 £■ j~* J* Lfj/ (_J3A«0 

j *h, jy^^. \j A ^ u j* j* *jy* ft3lii—»l . N 


VfT ijLiai 


.xS'j* aLjJ j1j3 (^jISj <jLia* j^) j\y\ 

u$j j\ e^U:..I L \j jLj J?Lij <Lss~ |»i i ‘i n ^ 

.xS^jA «—»t-*cjl I ^ l. snt * L ^y»j [^ (jl. rtt j3 l L*.«i L< 

l<*w 4^ JuS^-< i^LiwI (^I,; j3 |» " <«««»F 

. 5y*> Jp Lij I J 3 t_J !*■ ■ ■ ' 

jjb'jj (^i^b L *LT^^ J 3 3 J>* *Jjl cr'JL/ J* 

tj£v 4*JuLj>- .J<(4lLil^*» Jikj -i jy» ■ ^JA-4 «Jpli* jl j3 (^jjL 

»Jul5* d^Lc— J *l5jl ojl^ a> 

Jj^rfj ^3 jm« 4 jJjl jS I «C*XuU I; ^Ja g ,* £jjl j.3 ftj^^J-i <—>t-^ll> I 

£y\ -* n -. a> jj>L> L*l ‘-^j^^- 4 jl*-**^ X ** ^Z. j X ii * ft .X ‘ . \5 " ftiUcLwJ ^Li-t 3 £**&j** 

Lt x L ti ^ w i 1^4 |»i,.«« «^ 4 ^Jj j 3 . j& J^>- j \y*• i (^j # .xiS" ftilg. “ ..-1 (^ 1^ «o L^ j . 

.A*iL (j^ ^ L) T u*±/ 

^1-jLj (Jjf hji. 'J^.f jl eiliLwl L>jlSiji. j_jLi4j ^.......^ »T u^jjJ* 

i^li <\t « (^1^ j JpL aj 4 J-—/j4j V j3 4,5* jj «—!, 

•-‘ij^i ,c —I «^» j*T 

jlft.5^ ^L^CL» 1 ^1 -jL—j JpLU jJ J.!<aA4 J j ji^^ 4 j^ 

£jt\ .XlftJuv ftLw 4fl ■ jb ftL >jfi (^1 ^ia>- pj L L 1 ^ ^j| 

jy^* .C—j| L»V4 j 4 jb jl) jy»\±j>- lytyj 

Jg^ia>» ^j| O ww j5* I .XlftjX' 4# p ^jC. ■ - ■■* (^L^ia^OjL 4L^ij4^ JplX» 45* X*S 

C'W J t Jul5~ IwJ L^Un»I jJL~0 L jt\y \j ^J-oL-u <X\i^ J-* j ij.j ft - ^1 -jL-j 4 j-a fl t jJ 
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(A R 3 5 PaOBG iSS’y* iS\t J <J^* ^ l> ^ 

‘7?0 / ( 5 A \ <#.S.4 ) *J>!j -JJ^- 4 j!>(^—' 1 [) olo^ U~iS^ Ct *-^ 

\ jUj L 1^ j 15i (^^yic ^ ^ (j^ x \ jl1. 5 1^ ^ 4 _/®-5Lu o a> L 

pjjli icd^ jjj| 


S A^ = 


l AORG 

s k a 


(rr-v) 


j .Jj1^4 OvwJAj $sa jl-^- 4 aL—/jAj ^ A ^ aSo jbj# JLij j\ Ii A jl j3 a5* 

^t,..*/ ^jj I aS* p^d5* kJlj^ti jJj^A ^jL^HiIj AjL dli* 1 ^ \j jz**** aIsJj j& a5s>I ^jl 

I . JuAi j L«J J J Lfr* t OjA* 1± ^ 1 ^ ( m X ^ / JI |^ 

^jia^ JpliJ «^>^.w »^U " .■■ I (^IaJi^ L * jl 

jl ul jl Lr*t ‘(>1+ c^l^ijb j -V. -^1^ 


.J^ AaJ^»- j~_Ju 

f^jj d^l L.j j 15*3 Jai^^jO— *lj C^Sj^ ^ A>-^y 

jy *- 4 » ^ Aia4j A* (^lidJajb JI ji a 5* Jl5^*j ^ ■ 

j* ‘-~"l •^L-' i^jli C/J ■ j4 ^- l u A (*k“l 

.*J ■■»! jl is\j» i^ jLsiA* LfLjai qIp tj\f. Alij jt^Aj oL-J>Lj jt^A jJ 

j CwmJ llL$o A i^j—jy^ 4 '- J jy u **{ c-Ail^* 1 jl j aS" Cw<I jl ui+'jj 


( 5 /^ ,^) = ( 5 A^,^ + nr^^) (ff-Y) 

Aiajb A> ^ yl ^ Lf w b-o A^aJb jl C-5^ ^>l^JJkA> .Cum! (^jJLw4 L Cs . *^ ) (_J3 At 71 jl jJ a5" 

O jy-t? A> A^JjI Ij jbj-^ jljA-4 JjL jj^Lj 



TYY Jjifr cfLJai 


| 5 A' b - s K a I jl tfljU 4^ -- ^ *«jU»C^1 ^j^Ip I; (j' D '^ > ‘ S K B JbC *C-**-/l ^ K 

5 K& ^ L If I iL]; j < C ^S—• s Afl jUj* jl$>. N J£-i it* * 


4^ 5 A# jl^> jl^ 4wlx« l (L^>-Ja^) (^IajUj> ,ja^^ 4 jLl# ]^ 

( 5 ^fl(-\) j->) *d\j* '^i'H \) dk>* Ois^ZJ? 

Y-*J (_r^^ j* t*U L ^ 5 jliju u*~~' jf u~i 

*i (^Jai. u UkAxiaj jl ,_|SOO j-—» (_jlfl_00« 3l»J ls!/ ^ j^*-* jl 

c *“' l t>J 4iLj?l^o J^ Juj c_$sj j^L LjCjJ L«1 *j*?^ 6 ^La~-*<I {j j *( ” >| 

jiy^ iJ ^ oi |c ->j *? • Xil jl — So (_s^ jjI A»-j3 J * (_siri L?J*4 " ' OX ^ 

j^>- -3 jj _oA y>~ LX* J J Oooojj Oj^j-0>Aj t(_f3jjl O Ia*j 3 xlS oS^ aS 3 £ IXo j L_ -*- ]^ i 

j> csj^ ij^JSo j*.p <o>-l> j3 <cij jt5oj o-*b-i (XoL jL*«& xL (_^ >- ^ a* 1SJ[jk 

«|*x5" ( ^4 [) (Ji-t *~»-^ OX Jjls •■*)! ■**[>»■ 0_)iiO i£3ljl X-j3 

aSoI ^L>Aj) (X34j jj jlj 3 jj^ Iwjbo «{YY“Y) Jajljj (J~* aJjIao jl ojlfl " ,.rf L j 

<-otO aS 3_^S i_oUol (Jjjb jlj'(_jA il (J j' - f" '-''■*■* Jj^ 5 -(|*X J |'^ V J 1* ijil O*-^ 

• 3jO jXO, (jOm X- jl 

>y?) J=—-• j J Oo_J J O-i^" (_sir: J? j^i-* CfU^A) Lfj^—; 

tfU (_A*i J- 5 ^ ^ ^ X \ j[ y^j* (ji^ J* -^‘jl- 1 






TVA 


«\Y _ Y JS-i j3 N < r ° fiT ^ \jj*+ 

4* 4mmi ^JL>1*j jl pi fl*l iij L L^jI iSj Z ^ j3 

.Cvwl <ci £ |»L^JJ Z-Y-Z jJLjl 


^ 15 ^ ^amwO ^**1 Juj fr V 

_£-* l£ i-J *L$>w< j ^ j 15*3 jH fr-Xw l J*. 4$" I ji 

JpUl j (Jj15* Ij -kl-Jjl J" 5 ^>ji5j) (^U ^ . » 4 j3 ‘^U* jU/ 

.j> y^ 


Jj 13 • Jjl 

<_£jl5* (_^LjaJ eJjJc^4 j3 j 3 <y&L* L?Jt/lj 0 -^ ^Laj ^ 4-Jjl < ^r*^ 3 J ^ 

J ]^ (_£j ^ (_f L-^* j ^ i^laju j3 ^ I ij^ i) Ji £* b ^ ^ U ^ L* ^ < -X * .. ~ ->.» A j I 

ji^L» j3 ^ r-Y _^3 |^ ^)I (_Jjl5* (^LjaJ j Jaj[; ^3 Ij ijLjy i4j^*j • «X*^£*» 

L (JT^-^ 3 * iC^—>1 jIaIT^T \ Ja^ jJ Y Jajj> u!jL_j^ ^J j3 .^*j£> 

jJ^| 3 j3 B L^Jjh 4 la At j ./IjlcJ 4 la A* . C^~> j ( J»w 3ls>yi| *Jaj[; _j3 Jj^is I ^ >.U 

£\ U JuJ* [£\a & +++a t ^ l- fit * (^LjaJ j3 B 4* A jJ f^Sj^ ,J#j|3 {_fL^ai 



1 . Intelledex 605 T 























(_5~V^ w - i |» 1^*1 £*~»\j <jt-»|;j3 <yj& (_jLa» J-5 j; C*£j>- p^lyy 

jl jA 4^ JA.3^4 jLU ^ * J^- 4 ♦■iji -Aa!^v j^*- 4 4 Ci^-'b J- 5 

«^j15a Ja^XLwj; ^..>4 tJ>o jl dililwl L«l i3j* jI54i ^L-|4j jljj^^* j; ^j »L^U 


JpIaj J-^aju ib j C*£j**/ £y O^A£lLa 

JLcI l*J jA 4^ Xjli ^l^il£r4 ‘^L 4 C5JL)^ (J>J^ jA A$ A <J ■ 

■ Cwl ( ^i*-4j r C c^jlSi (jLjil j-i <Jj^v< u-^jJia- 4 C*£j«* iUul <_$l^ ^y L d JU 

<_£ j A ) L> Ik y_.>.» « j 3 X ) jUj &4 (jjjj L jJ J JA [^ ^—iAwy (_£ U 4>iXj j A 

<_£j-'4; j tXf JLji j; CjL-^a* j* Cw[| JU^! --^ C^p. (<yjl& 

y tX L ^wljlJ ^j.<a£* Ju^- L wSu C - - >. w I ^j^- 4 4 Aj^> |>j^j 15L« {ji^J_X j5^j JI 

il^tL Lilt c-w^jl ^ ^ j^l iXjb c^jijX»v4 ^IL jl {_^L^lc j**, jj* .xl 5* OoL^io a> 

•*J~<J* J®' *-> 3 * -r .—• jl JL^ ^j[r~l 

Saj\j y± L (_^|4oLjj j| 4^ JAJ^4 jLL/ Lj C*JL* j^J jl ^ f “V 

c—>1 jl u-«jJia^ cJU .xS'^i c*Sj>- B a* A j\ {j jn > m m 4 (_^li —*\j j± (j^L —a Jaj \j 1) 

^jltl jl At iiji C~5^»- 4 s 1^ j^L *J CSS eililwl iSsil jl ^j^-* £/r^ '^yliJLl L^^4* " ‘*‘ -“ ^ j? j* • ^ 

*—t a«L^j^ 4«lil j ^l " ..«i 1^i_^<Ljj * ~ ■■ _ ■' ^j^ji LI i^L 

.— > <L\ y * A l ‘^““ - fJ ij> ^Jy*- 4 in l> 4j flji 



jr~* jJ[ y f A ° 



j3 .AlS* Ja^_C—<|^ j?~~* (_yb —/\j j-i OuL ^la >■ C^XL j_)L I a$" 

A-tf A ^m/A^“ ^5" J . Aw L jy »Sl> ^>(j (J^ JN ^ ^ ■ <>—■'•*■“' I A Ami |+w j L L^nA^J 

^*aAa <L+£j~« i^jjS^t jy~~* C-^-mJ j\ oLjjj a5" ^ISaa U tCwiI 0$^+-* jy~~ * 

JJb I y>- J*tna«l lAf^ ^jj J (AAtfL ^ ^ • (~l&* J^^- 4 4> J?~~* A> -iL jL—i Jj J 

SJTc-x^ a5"c^I (jIU t j~~* JS*j 3 c^Cj— ^L <J£-^ <-*]/ 

^L«J ^Isu jl j?~~* C - wJ a£j! L £jjAj ‘^jSj\& L^J lijA**-* ji I^L /a A* 

aaI^*- <-_^wib_4 <aAw ^*J J MW ^ (wwAAi JaL^J^I ^Jj IL 4 1 tAwl A * . * U |^ k-j^JJa-4 ^~<3j 

L ** A UJi^ J ^iWjILwA CA>^£Lm*^ 

0 L Jjj 1^1 L*lAi| . C-w, I 6 Ami Ail.} ,j Lw \^ — V ( AA ^ <A » w il a5* \J A y^ i 

t^lj>l^LaX« j3 C-j^jA^-* ^JJ,>A H^L—* Jajj^ L JajJ> L ^Ia^Jl-ss 

{SjJ a^jAi .Aw^> i nl (j^ JL4 IsIa ^ Ai A> (_fL^;l^>- A» A L Ailjt^Aj 

uaa 4 ■ a !->jJ.> aIsjl j j aS* jj c . (jLttjt L aIjA o L jjj a5" aa^^4 

. iL^ I ya* 4 JS L 4j L* I tA m ijt i jmm 4 Ja Lb aJ^ A> AJ \y ^yA oL *jj t ^ V j 3 . Awji 

<aa^ c^Sj>- j*- * 4 (^L-l^ j^ jjL a^j I (j^Aj a»Ij»j^4 * 0 1» jj-»< <oJL^ ji 

. A) Lm^i A S*iS A i LlLmi J I A* lla >■ jJ LjfcMMi C_$*j 4 1 y At ^ 1 3^MI L^>* \j ^J^-Mfc 4 ^Jj J 3^>J 

t^i*L-c? c?L ju Jjiijf (^La^m-m 4 Jj ^1 1 aj 


TM <jy r lii* * jjj5 



‘i", -* C-j - -■ 4j 6 JCJ-5” 6 _5 ljL«-w J 

^L-sul- <_$Lia3 (_^Lft j+ — 


^ jJj? jyjlSi (_jUa# jJ j (^Lii ,/■> [> J-—* 

4 JgL (_£ . 4 j3 6 .•>!■ ^ 3 L Lply^»* U 3^^^ ^ Xb^^4j3 

. jiS 6 3 LlL w I 1^3 (_£ \^ J : .-•-* j I j Lj Cjjy^ j 3 L^o ^ ( 3j*5” j lS4j Ij 


If 4*0 ^ )^> I I* J 3 JjWdA^ f' ” V 

4a_*Uv« <9 J *0 t$ 1^ J. -* "j y+JL* J L .* jSf* ‘LS 

<jJ^4 .XA3^ jAI* <_£jjjl Jj^" ^—r- * !; olc^lUl j xi*^ 

,JA3^4 j»L"U j 4 jm.-a4 Ij^jS JuT>* b J*I^J ^^Cj— b jj O L-wL^4 

1- ^ (^L*Jai (JU jjfc» yt JuJy 

yb I, Ifrob jl *T“V j 3 eJ-2 j5*3 csL^Xj^, jJ kS* **1^— jy~* 

itSyj^iS 4*ky, (^[^1 |»l&Jb j3 ij~ —A jJj^ 4L*w}4» Ifc^b £j*I .XA3j^ Cv-/34j j~ — * J I 4aLj 

.jjj^^4 jiSd# 0 j iO tO 'CowLjva 

(r-V) 4 J 3 LC* ^SiLwd# j.j .,.,4 *c—I i>-j 3 ^I aL . - ^x^ j m ..,.^4 ,J£-i *S L>- j 3 

JuJ> ^\<L£.j+jyA ij . -4 j\ 4<laJ yb ^LL j3 .X5j^4 *LwUw t tXjly I jOliL* <_f|jl4j j^ 


xj *> 


Uy j i3j^2^4 0 I 3 jjy y .*. <g l* ^ ijyy »Xl^^ly < |\^‘ a ' 


L yly t (3 


»Jjj*^lj i> 


{_^|4jUj>. 


ilr - ® jl 




J-Ajjy r AT 


jl 4 »k * j* j* t o^*j i lSj a + w l_y <_fl;l 3 (j"" J 3 

c^_i Jj .pijli jj> L (jJii- C~_i) <_^- jl 4 *iai (1-^j 3 ^ ^ u"*^- 4 L‘ 

^LT* Or^- J- 34 - 4 l*U j:—* ‘<j"- 

9 = 6j + 9j k t 

9 = 9 jk (™-Y) 

9 = ° 

jLj jj i(Tf-Y) iajljLt JjI jl fly* ^ Ow,l |»!j ( _y^ r J b-j alai jl £~5jP- jL*j t j\ ji ^ 

tXZ a »Uvi j>j £jjy^>4j (_jl^ ^—< 'e>_?*fe w o^-li ji • <u-<L>vj j- ■* ^j 3 

<inl = t - + tjk^j 

9 = 9,+ 6 jk (t - t inb ) + y M, r n6 {T?-Y) 

0 = #;* + ^kUnb 

e = e k 

Cwj^ (VA-Y) t (TT-Y) ijUJiLLJ jl^—* ^j 3 j 3 j j j 3 ^ 

4 ^|iJ la> 4*Ja> (_j|jlj |t — tj L tI>L—,JjlaA»l 

• f < li~... | -J ■ -‘ (jUi*Jai <tj by jA (jL*«i|j USj\ t 


jijlSa (_jLJa> ...< July 

<j\s. J-. — 4 jl ‘- 1 —' (jjj* 4 U~^t J 3 ‘(JV ^ 3 j:— 4 LTV J 3 


3 j^- 4 ‘u*3J Oil X 3 4 ^“’ 4 r~“l J>v4 jd 3 !^ 4 ^*1 •(»—^y 4 

i(fP-Y) j (T0 - Y) (_sLa«JjliL4 ji jLt-> [ l j ^-^‘“ (_{1>ja*l» (_jL»-4j) [, yjl& 

jjjjiSj (jLiu ^^i—$•" j, *- j jl 3 ^ jl *313% ■■■ * * ^ jl ^ 

Or^ «* t^ 3 ^ ^TJ 3 ^ ‘ jl 4*Jai < _ j Jm- C-^—j ji j 3 -(rr^j- 4 ^La^l ‘^—l 


3 O^CT* 


-Uw. 


X = Zj + Xj k t 

X = i jk (TY-V) 

X = ° 

-iajJj^ JjI aJ.3Lx_ 4 L tyl^luj; jl j «C^fc.il j*lj a > jl C^Sj^- ^L«j ~t jjl j3 A$ 

4—*/L«-4 ^53)^ I jA J, 4~»-l> ^3 - J— ( J_ . •.••.* O^ 3 



V AT Cjbjj jljj Ij j_•- * ^i r^ y 


^LT 4 


(fA-V) 


(\ 

tinb — ^ I ~Y*'j "L 0 * 

^ ■'■ %j 4 “ %jk 0 tinb) 4 " ~^^k^inb 

% — %jk 4" ^k^inb 

X = X k 

^Je> jLj ™ * c_?i— <2* cuiL»- XjL j^ tj k j itj *Xfc i ijf. (j <j j* ^ 

.jJl.jwi j -_—• 

^JL-aA-i (_ft ~* js jl t_$l a j jyL \j (A j .A »Aj) ^jlSi jz'~‘~* ex) if\fy\j^ 

a .—.U^ (jlji i)jjlj csLa-JjIm jl xl i*);—• ^1 jali" j»- *1 u j -3j$ J;-4^ 

Sj^“; ox?!} jl 3 , 4 lc x*“ uls. jx>b i^-^b jl , \^~ aAM r 


A^ : f.j‘. k f‘ l»j;j ^“^>1—- »b LIU j*x LI ,}j$ —.1 [(2] l^tU, L_Lw. uiji ijl 

J-x: i^T i*j>- ^jI. ^t jv< jjXjLj *^»----* x»jjLf oL>l L L (^ 

SOLVE *ulj^ jl <0 jL ^jy* 1 * 1 *4—’L^* t5lx u m * " > (* -' 

i^j»|^Li c^—» j4j (_£ U L~ ? .« L j^j 0 j 0 - 0 L:— 1 (jX-j \j A-f 





. ~ ■_| 

Cr^- J JX* riJJ^I 

A' 

—> s T 

G 1 




0(0 

= SOLVE ( s g T) 



0(0 

_ 0(0 

- 0(< — 
<5< 


(fVV) 

0(0 

_ 0(0 

- 0(t- 
6t 

tit) 



! J J~^ (•— 

__w 4; 10 

_, ,0 (0 

(_^1^ 0 Jl* 1 


oU L$y (jL> j U V V 

Uxj .ij ^Iji- Lfijj ; cSj^Lw obj*. L I, objj J-^» Jj 

J^ai (j;l & \j bJ^J j^LT* ^ (^^LT 4 

jl iSyl^jA Jijjl aS ^LjJlU ji .*jS u^aj^-. <Jjij^y. csl+b j jl if^i 4r“J*! 

ftilflZ—J «[^] C^wl pJwt j 3 4 ^ iALjlj 

j @<^1^ {Jj-bi *i J »-^ Jr> jl ^LrJ u(j?^ L ^ 

LjjT 0 j _ji j iXj(X ^Ua .1 0 4 < < JjllS" ■ ■ < ;■" j^ -C^jL Cn . »^ 0 

<CjhU 



jLw ALjljI; £ f y jl (_^La j j c u k iyj cslfJll* j* D^«CiB t A (^La^Lj 

L) JkiJoAw & .5 I 2 i .... ,.' A> J^>4j 4$ Jul5'^4 ^j-^ 3 ---.« Jj ^..w 4 JpIaJ L^^>-jL^>- I 

A <_$jjlj J^S .(jjl&Aw cju jl l$\j> L jl dj 

^Laa-4 j* jjl j^bc^>- (j\j> jlcl 

_ * • 

move ARM to C with duration = 3 ^ seconds; 

‘-~"J ; o[f(_f* ‘C~-l> | _ J lx»- j 3 *f d 3 ^ AA <j\jt 

move ARM to C linearly with duration = 3 * seconds; 

^jjLSo Ja^—O—d j c*Sj3* jl JjL di* jLw (.ja^ ^linearly” ojLc j] 45" 

jjlftj 4 ^lyt i t .i l Jjlj>^4 ft jIaT — >1 (JLtL 4^wljJ I C—5^>- OXft J>\ ■ ' ^'t ft ’l l aT . I 

^Jsu J 3 \j ft-L-/ ^ 11. 4 1 jl n ■ .«< ^ <-i i0^j-4ft£^j| j J . -C_5” oJl>- ij 

Ca_p 


move ARM to C; 


move ARM to C via B: 


3 > < 


4i Ldp I J 4> ^Lj I 3 

lkH? j^cr* j^i JjLiJ jl (_jl4£^J»b4 L 


move ARM to C via B, A, D; 

—•—i .i ^ AA^ 4j* ^ 

move ARM to C via B with duration =6 # seconds; 

_}3 jjw \j jl<j jjjJ p■ <0—1 eAw o313 Oi^ J^L? 

j. ; .**** jl (_^|djtlal u<l< j-* 1 jl^-d AL jL j j3 j5” AaI^^- i j^.. *4 4r^a> 

t 

^L _4 . ^j I ^ j-J 

move ARM to C via B where duration = 3 ^ seconds; 

4^1 d—, L ji\jt X* J^L ^^ "* ,4 B diai 4j 4^ ^ 4*ial ^ iu 


Lj ^ J Xo I c L fl^ - w ) L jj»w jjj A V 

L ) 0 Aw j I (Aj l-^- 4 4-J^ lj j I 4 ^ fl ) jl b j J ((Aji J ^ j 3 ^AJL4 

C?!/ J- a ^ J Up^Lw jlAfl-4 jjljjJ <Cjj5 jlzu j3 uLi (_^[^ (p^j^U (Jj l-ij»4 



UjU^lSy-I., 4. n .Cwl jl (jlAjljujjlS^ jjjt ‘-£ r *Lu3 jt ^A 

.Out p-*uJ^t* L t 4/ 4 ^<-*«—I -? aI j**» j^ 

L^4 «(_£->[jl j* \j j$ t iJ. rtX jA j3 aSJuI fj0j* t \j iSj£~~* ^ I 

u->L?ol auIIpIl^* jut l-j loi ^juJ. jo jaI^>> oL- jL—> t|*o^ (Sjtj^ t3 jl 3 

iSjij>- j 3 ■'^ ,w y 1 jf (_^tljJ jl £jl>- L^tfcjt JLixl JJ^Au a> t $y* 

©J>lOw! _jjt (jlf^-tii jl <jjl j 3 p -^ J?*** 4 

•r^i^ 


L^«4 JC~~* t IpO^ Qfk* L (jj Ouwl 

0) 44 I; <(^*1^ ^)) cJ l^y 4 S) \j ^Uj Oli^l 


i^l* l5^v 

^cr 4 JiV (( cykHy^ v- . - ^ — - - — - - - ^ 

J [Y] jJ 53 j-£ 4 - J Jj~ tf7 cA^ 4 jt-j ^J-U- Jj «~*JA 4u j-Ouj 4^ On^-OAu 

Jbt |IaaJ 1*^4 Aj^jjl J 3 •>^1®'^*-' (J->- (j^l^yUj^ 4u jJ~J (jJ jl (^f^t-^4 *[A] 

<cj jS J&j j $ j*-> j I Ju Ij 15* L t .4 ?X iZ+c-j+-i j-j ^ j i* * 1 * * 


.j;< 


^ jj>jt jl c£jLp ^ ^ 

j|jfc J ^Jjn-4 £y*-JL? J ip-A3 jbU [j <_*JA aJjA< L^J Ot Jj 4u pjljlu I tO—/l 't-* jL—> 
.pujjj£u pQ^.w $ i^C- 4> <^jti L JJ*^ *if ^ j-O-uJ (.^1/ j*J*^ (_y^t_o J?Uu 

^ y>- y* ^^flJt \yt aJS j A^_>-1 < (_5jjt (_jl^i Jv4 Jut p^*^.w *J (jjl j» l^* 1 (,^1^ 

(_£jl£ 0>-t jt*A j3 (^j^i 3 i " i, “ 1 ^ ••^ w t AlO/|j jLli-1 j-i |^ A*^t ^jul _^3 

.On*^ ji j5vj_5 l 5 ^;L ^ylJt* Jut [/ Jljt ^A Aj>OLI j3 j iJ«iL jl54u J j ^^* 

j 3 Lyjk 0 j 3 tX ^cy L 3 j^y — 4 ^ ..^ 

t Ouli j Jjli u^jj j* * aO^j ^jI j J s JJ^ j»L^jl otui^v j J . Jul<C* ^u j \ji ^JL-*S 

J 3 jA (j-u) (_jiA-ulai jl JijLl# a L ^#jAu ^|jl (_^Lja* IJIjI «J^| .Xl»Aw 

uiO 3 [^ M 3 j>y J 1 L«J (^y‘.^ , .,« lSu Sjaai 

(_£ JpL<fl> Cjjj~&a> Oit_j^ QLfrl-^ 3 &.4 ^I Jjli t (jjI Auli—itL* -J-i 

^.1 jiUul ot^l-o. i-j\Jp\j* (j-'jL/ j 3 ■•^^cy cr*)^ 

^C y~£lA 5JCl5L-iJ^- i-^ia* cSu aL_-jjA> 45^1L>> j 3 (_£jj l. ^ jjy;^ <^cL l^lv 

XLw jLI J i (^;l i> b ^£*~^ iw»^A 4; (ij li jl^i t—I^A aJsjL j3 ^5”) 

ill; ji iLw,l (j^-» j iij^ | _ J j<Ci Ja^ j i iOL_3l/ '^Jl; Ctl^ j j 4jLL»tL. .(\ T] 

• Jul Ju Ju jj t jl^J-J i^jC-y.*£lA ..«lbu j|j-^ y+^l ^ A 
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j* \ri^f* (jrr^ (jjl^ ^LJL* L jL i JJ* <Jj^ 

.X_wL d-w»Jfci L O-w-i **4 ^ j Js>Ia> _) (^Ljai <—' L^>- i 

41*W .-LiL Lai jJ J-5 -^^"(J- 4 *L$J^ L?^ i J- 5 JL;^ 

vjl^l j3 C— I (l ^s»U^ ^3ji jUj3 Sjyt-j* }\ < _^- r 'b^ T w * 

(jj JLi jS^j k^j LCj I ji JujI oJL^ JjA^w (jj 1 ^la. .Jl^L jL (^j I . m . .j L jL J T (jjLai 

.Xj]j5^ ^jIj jjL L j ^w 

jL jJ-*> 

j iOj^i JIjLI ...^.■> i^lftjLr t^LacI Sjl-i*l4j ijJbL ^^jL$w 4 <_£jjL jlj 
t L«il L ^ ^ ^ ' 1 * 1 jl j»:—Ujlx[,lS’(_fj U (jj .jjli altfUjUj/ir 








LSjXi J* C^c-j-t .Cwl tiy Ifrl Jmj-. i_£L*£ I L$jljy j* jli-iT Lf*" 1 * 

jL-ul L ij^Jjbtjliafcl jjg—iL*^il (jH |-~ -_- ■ L (^$31 rt“lI Joj j\ JjL ^y^yj p * ■ i m «■) 4$* (J±j\y* j\ 

iJuS*^p4 3 jX *<-4 \j 4?C~J u U »£ (3 j\y* ty^ji J* ^*1 t ~"iJ A i '^ 

.( ( j-*iL^Jj j (jjlSJly* oLLc xjU) ^£jI$w* (jjji 4j 

l»l^l iS^jt kj? J ^^cSLr*- 4 0^ j*L* ‘p+* WJjl 

tJc*L^j|^-4 j 3 l^T <j 3 I hj\Jk j olxlaj - 0 *J xJ* 4j 4& j \£.<!-»«-'I ^ L -c. 

v Li j (j3^JcJL 4^) «Juil)il u-j L: cfl^li. C**3 S3jX ?u jJ J^L i^w* (_£j^L 

^ jlJl~-> i^jc^lif j ojujj^il whxt \ja (^f^J LJIg .jJtL (j^l^|y |»I^ia a>) 
‘(*-i_>^L» c-f^ j; <JJi Cji*^ *■ •~^ Jh -‘t_r' u^L-^O sy* * b <_Xj c—J 

eplj jjjL (_j jj5k_jc^Jjli 

J cfji 4 {jL£ J 

J4; jJkL* (jjLaj^I ^>bls> j3 *—J_jlia-« lilJ C4i j 4>^ 

oJut ^LSwj 4«^L j [aJ ^J .3jl3 jL» (^aLj <CjJ,A 4> L^il 4> ^»LXw3 U iJ1jI^p 4 
co^ ioIj £jt\ \jb ji 3jlx *XwL A ini t in l^ i^j^LoL j oLj^ <*»^j 

4> »yju^ olj^ *-^i jl *ijlj**°/ 5 a ^ \j 

(_jLfc j\ |J-*^ ^Jgl L *^fi^ Coi .CmI 4. C ^»j |j ^j| ^>- Ijb j I jl C^>- L 

4« ji 4^^y L L <c^L jl (j^ (3^*^ jjj5ijl«A*l L ^ _j) 

•C-oL Cw^ Coi ^jjl 4j tk — j ^ju cCx>-Lw ^~>- ji 

j^s*j ^ A 

jl (_JJCj^$mJ J>jL 4 Jut iSjS^i * 1 r3> Cj iJ J*J SjLj^ 4$gl jj (juJ 

iSj?*yj ■J.m-i ^Ifcjw^l .jc 5* ■iL^I 1^ c?^!jl oL^*-j 3 ^J b 3^ w(3cJ \j l^ L^ >4 
jL ■*—■‘^■'1 jilt ^jy* c?^b^ ‘-C*b>-j3 3J-UJ L 1^ L^ A4 3 I-Uj )jb 

*jy* iJjS z -^ > : j* b <-f>v J^ 4 n - T 1^:1 ^3 4? tjjjk ^L* 

2^4 dla.ai jii-4 .Jic5* j-lai J; j5oj5o *girf 4/afl> j3 jJ l^L^u ^»l (_jIajj^v* j »JlA3 jly 

Oil ^ ^ 4 -*A^ jly^ -XCS^ Jjl J--^.* 4— b 

j3 a&L^. .Sty^^t L {jj+£z^> JmD SjL uSo j ^.yu SjLj cij jl 

__p| .C^«t I3 JCaIj^ 4l**a jL&j^L £j) I L u- P j u» (jjLfc4J3ljt4 1|*J-C3 ^ 

L-» j5j Li I iju^w^4 jj—^L>> 4 ! L^ j L^l 4^ Jj3^>-^4 J^j Xj *t3» 

|^ #jLu t^j 1 #ji^t .Xj|3 ^0 9xx5^ ljk> ^»^oL$w* ^ 4*15^ 





(JjL—j JjL J ,±\“ 0 L 00 l y\y, \j 4^li u^i ■-^ ( ^* j_>-^ Lj* 

^ A l 4^ I > 4^.L ji 

J rtfl* 4 _j 1; L g* IxiS Ia>- jl <_^La^jL 

JjlJO> ^LfcJCj4i-l? Qi__p~c^A <(_?-^ i_Jlia^i .XlS^jA (_^XjAl.i ? (j^» 1^1 Jjl 

. .1A \y>- yux Li-4 (_j La jj L 


V —A 4^iL j>. .jj^L <CLwlj 1^ y^e-iL* JjL* i^jjLS^^rAL* lS j3^ 

l^j| C^Sj^ p-A^ j-^a J- 3 5 r [j \ o_^w^4 a J-O 

<JLi^ if) <JJL»b ; (jlAAtal*-* '*j$\j* f^l Z J <Y <A yjtfi (J^jy*-* 


jly^ A^wJ j3 .X5yi -jUjJ if OJ^w jl_; (^UajL L yL^lj*; £y <>J 

Vr**- 4 \j L^'L^ £y jA -Uy 4^15^4 jjjljl oliLwl L j; 

‘Jr^Vr ^ (jlejlj^,^ jULi <jl^yr a l^j <-^y» J4“o» 

■ _)j » J ^-4 J L5*4 j L- Jl A-jIjL4 L .Jjl^ ^^ ^..A y f (_£j^> ^ t_J L-L«X L^J I (_$[/ [_J-* 

£—*4 j^i-^i. ■*; 4^ JjI J ri ‘- A a~- ts4^ ^ C~-J jl <_£44ii j"- 3 < ~*ij A 

(>& ili .Jjl J fi « < A-J (jl^ J J_lt _/oL~ Ljjl ^[4 *-~ t ^ ^ *1 •— 

. 3 ^— * aLjul 

ji Jol jL^jI 4^ Ja^>y ^ 5 ^“—.> Lfeft aJ^ a5* O—j) jl *LajjJ^ j)jl (y^^l 

4> «CLwlj jl —j tyijl5^ 0*1^ L$[t LS^jtJ^ C^l^^l*-' ‘A^wj J ljU «J^I^)) 
4La4^j l.^.^.>- ^ 1^~—.> j *jl-^l j* “^-j l jj e jl-^l ■■^—■ ly^ (jr w ^ 4 



yjKi ^aI. cj ^jI^. (jyl T-AJS^ 











J (JjL-'j'i 4 -"'A Cx~~^ '“^lT 4 C^3j-l**-*> 

'*j^ j!x~° A—! ^yry cij KtfLfJjL-* 

JujJuj (J^JlA 

(_£jA i; jA <jJ • 4 -'*~*^ ®-^- f jL—> C^JlA *- > A ^ (J^ w> ' j-^ 

J—iaju j3 jl lAjjL <jj *-^^(_^ jr* ^ 4 <^jHb ‘ ^ fll ° 

4; C~-—J rJa^*; j*~*-> 3L*jI <J>[^ L^A^ -3 J jj^- 4 lA* Ax 3 -* L$j/ 
j lCw! cijlx 4 £^ a —• J— jy*- 4 ^ "^A** 4 jl jy*-* ty.yb A 2 *' 4 < -* , i ‘lA^ 
j^xV^ Af ° Lj-.oLj^ ^ 3 JA-^“ *jA c^A £*b £* jl A** 4 ^ ^ 

. Jj 14. " .>v3 ^ j JI *-ij J— LJ - ^■J’ji (J>^ ^ ^ ^ ^5* *L- T* 

^ ipli If Ljt; dii^ ^ •ijli <jj\5<jt-a*j* [> J^-l-" cxJ-^iA SjLmX-Xj cjLf 
<C~-\jS^-j£ jL—; (_y<j^ (jLf L J^> jl Lf Lj_» (j;l »jL/ J^'i^r-T-*"* .XjI jl—J ij-^u ^UUa* 

.2jj _*1aI^>- Jj^J _}A p5tXJl^A 15 l* Lja* 4j JLejLj <& (J^ ■* ££■'"'* ^ J 

Jjl^Lxl jjSLjlS-o LflAjjL 

° * <u^ Cy^ $ob tjl—< b-k (J5*w j* L$-^~i^^ti 

J .1 <- jl .Xl5^ jl c?!/ L <*i~a jO <Jj^~-t^ i C^Sj>- *S ijb (JJy (jl t>jy*-a L 

• oli^l t«*ii~e> j, lj~P (jt—l; j-i ^.Lf tjyy jib C^Sy~ (jl^ fjlfj 



1. SCARA(Selectivety Compliant Assembly Robot Arm) 




j»u jjji r° ° 



■ I; jb L jjb ivi jl J_>l J- ^ ‘* d -" ^ £—"I jl XjIjj if) (_X«e»l '—^.y 

(jU- ±y~ ji [) J_>! J-ilM (jLlbjUljtS' JJIj,^ (j»LJ 4; «'X>ljJ (jjl _/-^3 Joj \j 

^_jjL ^X* ,xS c^j»~ ^ j**t j( xjI_ j-j iX*L jjj Ij (X-^-L j| yty* \j ^jlxi \j\S 

o j^x>- xS 4—iL j j — f t*° b ^xc^ ^yuf ' 1^ \S^ I j jj o-j 3 1 L 

Cj Lx^t- j J iOL jj ^jj I iw jl£ ^ jiL—/b-* . [ \] (XjXj J“ * - j ~ ! j! jtlri 


<Jjjf 

L.J <ijl^ O-aL-w JujJxj ^ OL^x»- jl *^“A ^J£-i j-i 

j) ilfeJ^jlS'jl (j\ji i£jb fj>\ -C*-J e-Li Lf-J 0 ^ L ^ 1 "^ '* ^ -?b jl j-> 

L ^ «Ju- L ^a.«.. i> Sj \jy • ■! < L* 

.x»l L}} jz* L-i Ij ^ o^«-~«j jl 

(_flAj|jXw! (^lAjjb 

i|— U (^jlXwl^ jjt ixXfp* jl (Y-A ^^X.) ^jLfcjjL 

_} ‘o;^ J-*^ f. 4 <sj*i* ijtj~~> J~ aU '‘ '(-Li ijjy w L i X * 3 ** * 

.j;^;^ J^x; .£* ^.y 


1. Adept One SCARA 









ls_iA 



.(jjIaJ I^Lwl (_£jjl» V“ A 


4^* 


*^i J* jJ^IaL 4 (jLAj^-* L ^Y^i J-<aA- 4w l ^ jl ‘£« CiUd-^^ri Clt^J*** 

I ^ijLSoo C5_j)l f SjL-i J <•? *■« "¥;**•« i^« J « ? <■ « (jJ^J .XyZ^y) J^-^ 1 jaIsa. 


*<—i L>uy 1 { J^ J (JT'J' , '~j~'t> LTT^' ' 

Ujc^^r j* *t tfi^r*- 1 * Ls*t~* ^ytr* *<3y p*ji y y^ ^ ■■ <aft4 jy ** 4 - w b^s 

ijui *cjS f ji ^tsjji^^t *[^] (^y »< aAA u^j* ij) 

iaLa <^ij ji j*ipllL* j ^yjJjl4 j^«-4 4*^ L iI^pJa^aI* c^jJf (^IaaJjU-* 







J*U iJiik ^ 


y* ji uli'C/'* ll (^Ji V s *■" ^ <y>* lt r~lr'Oi- i i -**[>»■ *—-! v!^ 

J-^ jl yJ 3 J£- .JjI JjJj j;Ij ji 

J»—J> (*je^* (J-'t tfl/! j\ t&y-ry* Q>X~a- jl ji *y~y *-^ a £• 

■^X/ur 4 ->^*i 'Jjljj* c^LfcjfjJl^lS 

jj i5-i» ^c^i-L/ jj~£ 4 -, l o^yy LSjly** * j J 

<d■ .t»j4> 6 -* ■ ■' Lfr> L ^ j\ Lw i jJ) 4 ^ ,^—J U • ■Am/L 4 .< <<|X f { 

iX tftA-i &jj$ j 15*4^ (f”^ /) 'jx^^k* 4 * 

?*_■* J.i^ij <U ^A iJjli |* Ij ((^ f *-*)) A$ I J ^ • t—■*—' I X* Lfc *- 4 L* I < 4!*^^) 

L Ji o*y *y* oh* j^x j 4 ^^ jjt»4, 

(_gLfr4£^*-?i-« £/|l .C~l <^4 £jil 4,L.‘,'^4 j l*T 4 j jj—«4$* OiS^jA ^bul 

iJtu^Py iSjS jlji jl Ji-li Xjy^ £♦ jy^ 4? 

0>J -^b >j^ *J J-^* f-^b * cJjjk jlj^tx 4 b £* W -Urrri b Oty*) *y 4 [j A 

U^t Jty* 3* J* \~A .JuiU 1 JL* 4j j -XlS* b 

.[Tf] xa.>^ b tf^ 4 

C~-~kjL* j|jj jjjJ .X1 *mJ ^tUl4 4Jaij g-* (J^jS*-* J* 

(Sjj ji .J-iU Sja^jA (_jl4l —*1 k_j I y>- (_^Ia4J^I*^ is\ji 4^ 

(Xj|_j^ T b ^ jy^ 4 ^ (x^ ,< ^ 4 



1. Cincinatti Milacron 













r-r ,jj\s • fjiS jUjLju 



.[Tf] d*UlAj_£ (jL »jj** L (_^vi jl 


.C~ib JJkjy- ; Jj- «l^jl «(\°“A J^) 

jjL iJ <jU ,3 _>-* <yjl& <jkx> C£jj S. '-^i d 3 d^ csU jy^ L t y^» 

. Jw* Jdb Jy. jJ—(S> L*- A ,.... jJ-*- A [j 

«jL> jLtJ jyv > _)3 L csjjb <<yil;i *^d 3 £-i ^ csjl^-iyr cs^jd ‘d^^dd^ 

^j| ei^jl 4 JuaL /) j [jCL* oL (^1 J jjjl ^1 4^ Xl$* 4^j> . S' i. ft ^ N"A ( J^—j #-!*-/ 

‘^-fcd^“4 ; i’ " i i d-^d C?U dW ‘d^i 3 L -’d^- t4j . l£idr{ 2^ l^'M 3 u (J~ s ’d* 

^y l£lA ulJU- j* .J-lL Jy-G Q J-Aia-i _y>^i jl jjli; jyv« 4^ ^_J—' 

,j-& (jXj^i ji «jl_^-ib p_^: (j-^y C5d[>* ^ J-AaAA jyu l»jl)jl jj&jyw 

• ijd J*l^» 


h5j& (^Lai 


(_jjlT (_^Liai CjL^uLo (_^UjUw f A 

If-'JS. ult ‘r'^d^* Oi-^ 'd*^ d^!d^ 





U ,xz —j aLi, ji (_$U jj*-* jlji *& (j^aU ^ 0_ AJSo 

.Xj)j < " ....o u-j l^»- jj) ^jLl 1.1 







r°A (jj\S i jS 


tJjj iUul (_fjl5" J?UJ jl : »ijL 

^ ^ L JuiJCa ,jj> yj L L j .. I * * j \ i j u Cf~*~ ^^ /■“ )u j i 

Jjl^l iCujiilj (jrfl ij**jy. j j^‘ * •*--^“ | l jLj S 3 ^ ijL ^ * 

£=£>■•_'+ 4 ) o-a) 

i=\ 

^ < ~ a> jA 4^ <aJL« j J fl*‘—> jl 

C*.. »34> JS' fljjl?)) jl aJj! c£jA Cf^ 9 fcy**^ 4 Oi^i 

^b aJL^Ij l» _/.!/, J OsjL (_f3JLC (fj (_^l^L<a44 j3 ^ Jul5” 4->-^* . 3)3 ja|^>- 

.CU—il J -^ a - 

l»^w 5 -lij 4 j jjL ^ ^ jiLi«[r] (^rs* j* 

(jbo <cU—/! eJul ca»j* (£>15* (_^lJai p^>- 

g L = z/yir (r-A) 

^aL (jL.,^i pA> ^ Cw^aj (\ - A)4ia»l^ jl L jl ji a$ 

*jy* Jjl?) ftjL-# ijn *««» j! ub^Ai Qj[, i^j»l^bj tCwl 

jk lAjn-ij j3 . JA3^*# *\j\ p^>- ** 1/ 

.-X-ll (jjlS* p^i>- Or^ J-* J Lf^-^ 9 C-^L^ jA jJ ^ »l 

• c% -1 ^r/ tyj> Ql jUl* 

<(^* <dajb (_jLjai j3 j) ^*j153 {j** j\j* O^* - ' ^ ^Ty ^ 

1 p ^‘ ....4 j|jl4 £j> I .JulL 4^ C-^P“ 4 L 4 I 3 4^ 3 yh p^*. m. 4 g^ 

a 0 3 J 3 j^Lw L 4 (JIjJjiI JwJw (j^jL jh ^3 .£.+'•! I g£, = T*/ 0 

J^u SjIj-a ^Jj 1 lA- ‘^ui 1 = >/^A = rJ i3 «r-A 

3«A£ ^Ia»jL» j3 4 ..J j ,x5^* Jw (j i p .j ^ jL-O y>- ^Ual LajjJ L p^> ^>J p 4 . -.«.< 

< ( - A -<aA ^ ji iSj^ ^ p- 9 *- > > j/J iij{ JaI^^ {j 0 ^ QL isiri B *^ 1 ota 

.JuL^-# ^IaI^ 


N-A JL# ■ 

j <-^jIj ^ j c$jL**4 JjL t j \ (_jl^kjl^ «(6”A Ji-i) I^LSLwl jjkl* ^iJl csjjL j-j 
C*OjJ^~ 4 1|1.^^ 1>J* cr^l- lsU ■<^-'1 ^ jiL?i j** ^ J■ <ai<« 41<*|3 






£jA jljgL* J pi * . » * ■» ♦ d,f jl jIAjL* 4>» L^bW Q £ \j Ql } jl-i* <xfj>- 

St“,. .., I J Ifl^fci p a ■ t I i 

jl <_jLJa* p«- j»L = //Y + //Y +d r = / + d r L jjl 

4j*wj ,C->..<I ^UjjI j / ^Lut 4> pili -Cl_^Lwl L jij/i 


Ql 


l + 


(r-A) 


-[Y] iAi^ c^—b ^r — / /Y 4L jIJj-4 <dxjl <-«■.««> jI ^*>1* *—> jy-^\ QL f *?* ~y * 
■ .LJ-wJ \/ Y \ ji\/, d r *C-_£» jIjJla u J& liiv4 (Q ^ * j I jj_4 

<vwL( L LS* <^LiaJ 

j I Ja ^ I . jjb j^ a d-v>v j j I b ^c5^b ^ ^ L ^aL a ^* p4 L k -J?li 

Jpiil jj>jL.aA ji c^ilj ■-^1-^ |»L^uJ a Ih ,Ai ^1 jJ b LAjL5* ^ C . * <.<L*^ 

j Lc a> . Jl* Lj <■-**»> Ll^ jjj L l!-v» v ) £j£-«-a *((_£j 15* Lai (_£LAj^* j ^ ^ Li> \^* L - - - ) 

J+-fy j ( JZSf^jA <lSj>. j C-c*- ‘ £j^* ^ ^ J I 5J b aJu^ Li 4>- ^A 45” O i ^ I^*a 

«LL>- < 41* - .. ■ ■ a Jl^f* ti!/- ij Jj L& L*b J ^ C*. -> - l^lSsj JJ^Z> 4j b La 3 ^ JJIj^a 

(^jjbla ^$*-jL^* j3 LajLic* ^J jJ 01 )l “ . » I .O*—J tJL* J i^’....t....> j L J ta 

. C - >■ , iI &Jl* a!J|^P _/^ Ll t—<w*rll*a Ja^b'-^ L (^Liil 0^ A$ *L^L^ti( JAJ y>- 

JJjj^a C—*J4^ j^J 4]^ljLa L (^L^j JIj A$ L^tjI jl 


det(y(0)) = ■ (f-A) 


*[Y] j ■* ®^La1*vI ^jL OjL^-a jb"*' 4 4 ^ > iy* ,, C^l/ t)^^ 4 J 1 ^ |*r J [y( w 5^ Lla*Jg 

sjh^A t^jijjMj (iu (O 'j j[~aa 

w = y/det(J(Q)JT(&)) (6-A) 

3^-*^-a 6 i L—i aLij b ^>1 iJl*L 4".** I JJ ■^b u:->b^ **j> jl)L 

w = |det(y(0))| (?-A) 


■ t ^ WJ I ^ ^jjt jt^ ^ b {Sj ^ L a J JI \y (J b l J b 

La I t C - »■■ ■! a -La I C ««.»-^4* LJ^t J-* ^b^L^w jJ a ^ 1 fl " ■ x I L A) 4iajb 4>- ^\ 

<[^] ^I^L*I .-L \b$J% k—Xj jMj y*j ji j+j JLtl i hwL li L *wJ b■* JJ^v, ^L-l j* b OjL^« jL a* 


1. Asad a 




r°V (jLai (jUjL** 


J ^ L ? [> iJj^* (Sr LTtJ^ 1 i3^ J iiJlL. 

M X (Q) = J~ t (Q)M(Q) J-'(0) (V-A) 

»(3j* j* t* j J I> jj^i OjXi^~" A!> <liJ 

Uwl aJui a_>b jij aJ^U-* O jj^p x * l—, i—* ~ L Li \y cj - *i^ ,> 


X t M x (0)X = ) 


(A-A) 


(_jbkj^v* -iXmI X (_^LfcJju 71 jl j$ 4$ JlS^yA 4 (_£-**> 71 <a)^1a 4 jjJ 

J^L j Xjb jJ^i A/*(0) (jbbjl((A A) aJ^Ua) jl j^ . / a.» ^>1 

l^wLi -laj]^ tfjjb J?li>.C^wl j-oLi* ^ jilt *J 

.Xj^^ i(_jj^ L-jjjjJ L ^_^5* (^Laj1 j : " / 3-» «^aL ^^i-jLSc* <_^j L 

jLU ^i*ll jS tJajj;^ Ij (^Id^oLoS) jJkU (£jjL *^J [^ * ^ ^ - A ' j* 

(J^lejjU Lj jAj UJ ‘ c ~'I <_•>-,.< b_4 Jaj l^w ij\j\± ju^ ‘C*A «&♦ J* 'I 

4? XA^(_^4 jLX £j>\ j C—-I oX*lS O jy^\ (J>LoX» C^LaJ^ j-3 .XI—A 

•*jJ\j* isJjS,**i 'Cx** ^IaLLw!; jjL (jjXilX 



jLX {^Ujlj—AO jl j* 45* L ofjjL (jlJai \ V~ A J£-S 

^jlS* (^L«aJ ji I, (jLXk> Jajl^X Xj^& J?U> «XA LK*? ■^ a- *‘ *[^] ®^b 

,XS^jA 





(jjLiaf j3 L_4 JxiJ^w ^L^ol (jjl^ijjj <[A] Ij [^] ji 


aiLm*-> j jjjj Lw 0 A 

■—'AAlT 4 {j~*jji L (_^r J ^ w * lsAjA Lf^ j3 ‘(j-^cJL* j> 

♦jlji 4 —^^Ai- j_A^ cr^-Cf-^ J 3 ‘J^** Oil lj -XJ;L L A '' 3 * 4 L c£j-A>J 

<0-*^ j\y (^-CoAlA ^jjl jl ^jli* jy aS 

JjJj cpf j\ ol>ji J jij 

3^>-j I- 4 1 *c*—J jlJ >jyt (^^1^1a »-jy c*Sj^- cJLli ^L*x»! i^ljf a>- j£l 

■ 3 jl 3 {jL^^rij* j? JA J" i4aii4 

ujL)*bjj jA 4 * db- 4 j 3 ^ »^L^I *—'Aj 3 Oil *jy* *Ai 

jy *Cil uj'j .C^-l^tjjjjjjj jJ> .[V.V| AjbjJ (J> La ijj J 15* ^ 0 *.«») J \ji <k>- y 

( _^r J l^-* iSjJ^t ^ J- 1 ^ C^—J Or 1,5 J £ j~*< -£*• jl ^A'***' 4 ^-15^ cJL>- 

^ f»l*ol c^Jj 4I4I3 l ^IfSy* i^y^AA ^^ijLi-* c$jjl ' AAlT 4 ® J.r* 4 * 

^ i—jjjlp £*Sj^ JjIlS" i-ijjl.5 ^Sj^- 4^)3 cJU jy j? (jl^JLai^ a$" *OjLj 

.3jU •-^ji b jA 

*^ ^] -^^lt 4 lsA A 0^ tiA-'-iAti jl j 3 _A t£o 3 j 3 b fA^ 4 «<A^I c^LA^- 4 

d - i ^—^ ( A~^ & 4 jj*-* j* ^5* j^Lxia <(^ 3 bl A»-jj A—/ L ^-4 » 1^-4 jA J 3 J jt-4 . ^ N Y 

0 - * ? jl <L>Ly(_*—* ‘LS a lr ^j- 1 jL$»- 4 (_j^?-* j J L«l iL^I <Jj 

.[\r-\6],/^ j-it^Ai 

1* ^*L< (_sL*j_)L (jlf [ \ Vi \ \] jj 1 jui u x^J^zj ji < N V _ A Ji-i ji 

.c^-^l e-Xw t^li jLw n_s^[}l ^>-ji ojjSi 

(_yl$l a : , ? v» j J Jjji-j; jl (J^zrjb- ji <-'ib L? J b^ '—4 ui^fr^JU (^Iaj^jIS’ jl 

csU^b jl ‘uPbl ^ ‘pi-^ 3 * c^-i^3jl^ ( ^ J l5' 

jX—/j (jL^aIj y\j*j yyl ^.a <0^1 tpli- A J.iU < *»l U^jA 4 J u^-* 4 j 

■ 3 _A i -7 4 I^ , ~‘I 3 J-Aji J I t^bi b lj? - ''*’^" 4 j!r' ~* A ii Ij^i j 3 J i <Oo 1 oAA a 

Ar *,^w j ^UdjL 

jl (Avi ^1 (J—Jj* b (li.r-') L#iJ 3 (> L?LftjjLj L^; oj£k A>- ^1 

*"^ w ^ J ^ j3 A^cL-T^ (jL*^J^4 OLjj »^—4 ^^-jl^-4 

^jl 4.1,....«J (^LfcejLyW <OoJp^» - C ^.«» j <C-W (^LfcejLw <^bl 3 ^ ^ ^ (_^1 ^L ^A4 t^.^V4 ^y^\S^* jy 



r« ^ cw j a>)j 



^15^ j3 4 ~ ... ; (^IaojL-/ J |^ ^ C*—J 

l/ 1a 15‘ I; (jLii SjIjjI tuj; ^ju ^ b L^Lax- ( J^j>- 

L (jjjL J 3 U 4 _> <c-w 6 \j \?~A 

Yjr'^ (jJ J 3 l£^+ 1 $/** ^ --^^Lr 4 I L?->b^ **TJ* ur-~' 

ijl-^b^ J± J^jL/^yi J--*a T -« ol ^ b <J^ ^ ^iaj^ Jills’ J^t> 

ij^ii U Jo jl J 4 jL 4^ «^bT ^ ( jl^jl5*) ® «"3 fl * a. L ,.. t /j4j i_J<-£± ji 

^LJLo (ji^ •<-—I *- i --' J ^~ -* (_ji^ (-O-’V * <Lpb^ ^J - 5 *-» l* « "a fl4 ^‘ ->y 

(|*^^-*) ' jb—^ [/ d^ <J b 4 JS £j-m l^, ' . - < 

I jJjjJkPv* jL—i (_£j--^J lj <Uwlx* ji jl (^l^iajb 4 '‘- 4 ^ L*l *C^i-l —* 


dJL>b J f*^— 4 (jLfcJilx* ^3 iOjIj^J |»j^^ 

cJU- ji jl ^.Jll~« J>- aJ^JU- ji iCmI oL« b....j jl jx>b jL^i b 

.(-X^jwwo b N V-A ^ V-A (jL^^) l^.d j ^uj .ijLi L?^ 

.^Ij5" »jaIjL4 4j b 1 ** . ^^"* cf-^b^ i [ m J^ c^JL>- 


1. Stewart 




<Jjjk fjr 1 ^ f ' ” 



(_s^ 1 _jT tr" ^ "sir ^*1^ "—* jy~~\ |*jc'^ 4 \f _ Aj£ui 

[N V] jJ ^ c~-o*j ' j^Jl^ J(jv* jl '—'Wv - 5 

F = ?(/-n- \) + £/i 0 ~*) 

»=\ 

. 1 ^Lziij Ji' iJjju 7 i «(^Ij L$Lb j|jjt> l F jj j 3 *$ 

4 ^ 1 ^) (^ 14 ^-i—s cJU .cUwl |»)l ^- ^ 04 4 j &>\j\ oU-j^ il-U* /j _) 

i.X£ jib L jl^y^ \j (Xl*-Jb ajkjlup ji t^iljl L?b^ ‘-*b^ j* fl—>■! 

. Jj_}l C-*— < i 4j 4 iLi^ jj f jot ljU-^ r 


r-Ajt, ■ 

<L»-^.> ^J * * ( \ f “ A O j l_J*— ■• I |>^*jii-4 <5* ^ (^1j ^ J ^ ^ 

• ijli (^j|;I 


1. Griibler 








LT-- J Lf—" J-^* tr~") ^ 4Lfl4- 

ijljjj^lS ’jM Jaj[) _).») \T 1+^1/ jl-J*« J ji ^j> ytS . j . . rt ii ■ •» 

J>*j* j^*; l* •£~l 3 < -~* < l (*tk *^i 

Vtf* 

F= f(\f- \A- \) + r? = ? (\--A) 


tXjl- 0 ^ 15 * ^“A 

iit—* <J-i *—>Liwl jk L tfijl SjLw *&I j! (j-j 

Jiilil j tbUCjM> ^<ujLc C-Jt» ji >CswjJ L uylJiLB' 

pA l* j J*jb ‘■^3}' j^t^t ^ *—^j-Ai 

juiA ujifjj j»u 

jl-ljl;l5^.ijJijjA »jb jly I; jl 4$ i jLrttA ji j\X\j\S .CJU* (jiy«iLw ji 

(jil C-i>* ,*J J-aL. A* U/r ...4 j, jl jlj?^ ( yl5' jJ Llf L ^Uul 4 J^ti 

ji cOi^uLr^ J L J> 4^] cr^j J *i ^ ‘l r'lt lAv 

i$yl L Oj-^> Jlilil (JiIaaL^Jj jl 4 &j 1 jj-k aS Cw ll*4 jl-^ jjJ .C^l 

.*b ^Uul «jljuj;lS'3^»' Jji^L L b J--^* Jj^ jlj^ 

a* j j *iL b .■,... ’ > (_$b* <oli^[L« 

J* I *jJl^^iw Ulc IajIjjI^IS" j^»- *(jil ji *j5k .JijU jL> c*£j**» ^ 

J>ti ub^ * \J$ (_r^ jU j* -) jl b j 1 ^ 

,jjL?c (jl^ .j^ 15"^4 jLj (jlAjljiJ^ftjJj^l jt *3^** 4 jj# 4^ ^jJ j iC-jL jaI^ 

«^J f\A* At jUj,l5jl t^Sj^ Jiio J ^^jlijl |» * * *«* j * *L^> I 4 j j X__n_^J 

.Cw I j Lo 


j!>* jl jU[,l5'd5’^L-a^* cAb *-^yj 3 

{ j1aIS' j OjJ i I oLAax jJ {j^j* j\j* j-3 L jUb^ji b 


jIjjuJ LjL j ijjJ» ju^w *^IjI a$ CwJ ji Qt\ .xa^^< 1 ^^* b ^ 


c-tj— (^LaIS" _ iS^yt ISia j 3 ^L-^l i^liix^l 

-ulji- jJ-^c jH-jL (_jLaj jT^L j— o jji Jliijl a^b jb> J n fl * 

^IaL^ pLww-w LI .xS^j* ^b'il Uafc I (^IajjI - .. t^ 

jl b ij^ky* jt J.-gu - » jl jj^ (jlAjl-^b^'-^-L oJ^— 1 





<CjLj^ ^jjI ji ,XZ ^L< L-r jitjij4 IjLSjjL il/ljjy CSJ^b^ |^ ~" ■ _: ■ ■ ■ CjI jJ 

J*jS» * .i*T iL-j* ftJLi JLU ijLoAA j C^i J~OM jl jj* UjU^ 

[j (jkj|jj|jl£ Jsu^jT 1^1. a <u c^Sj>- ^Uul 4 j (NA-r) (^IaJ^Ijm . 

lj Cn£j>- 4* |^ fj «r *T Y j|jul;tf t^fc-4 .JjO^* jLlo 

jj>- 4* Coif j3 iCj-Xi Jtel j»lilA j-i CUtj— <>!^ fc-f £jjJ 
^IaIS" ... j± 4»?liixupl iCc^ £ jCaLT p~...^..< c jJi JUcjI pi....... tjjt Jbcj LL*j I 

•ijl-i y^-i Lfjj^ J* lf» " . ww .« fji) L ^.<gl ^Iw J 

CJ JlJ JGLjI j C~£ <jl$4 

n.^>-b*—o L^a> ji JJj||i^i j Jilc^Cj^i 4lJj jlSX (^jj*- I 

i& )^i s^t\> 4> (4ijj jl$4rf .^cS* il^jl <Sjy. c?l 

fjijt i6.iL/ (^IaaJJJC^ jl (Jj\y* iS\ji Jlxol CjJi If! 

(^Ia^JJJC j?~ jl jt ill-* <^1^ j (^Ia» Jj -^V^ - p^jf £-klSl^ 

ijl jJ-^u CvJuli jp~ ^J_yl e-ilCwl . . . j ‘^jwjL L 

. Jk'.....A ^ijUua ol. ., /ly.tl'* - J i^LL*^ 4 jlj^ 

jjuij?l j. .Jil— a (_ylejJjj-^>. (jl^.» : .... v .,.. ^U vr* j J «-S’i£Ja_«l _> (^aI 


t/Tir* Lfl^jb 


l)C^y 


-I OjLa iJAJ^ (Jjj ji 


ii i^i 4> t X JL>-jJ La4j JjJ^uJ L ^I 4.i <i)IaA^> C«jL [ (3^n 64^ L>- 

jL, UejJjj- j>- ^I. ^ _y' -' aL^uI j i_5" LSLla_ ip. (, "i. .i I dI^jI > ^ - L * c_ia>- b 

. JujLjj -4 La 4 ^J> LI i.Job^ Cx S ' ^ I t" tXj—* \ .*. X ; j 4 l>-L-< 

.xS^t jL» »XJXj^- j\Z-XS j C-*Cj** ^jk\S ob'l * 7 / <sJwJk> , ^> C >■ " ■ * 

J J L«i b J ^ ■C-^ r x l_? ^ » ' - —;. c$b: 


9o = Wv)0i 

To = T)Ti 


(W-A) 


J cr’T-J-^' T i ) T o } '<J>jjJ J (SriS* <J^£*-_r* ‘-r^j*. &i 3 ®o j* 

j tLfl(JLlaJU I lAj \y La/ l $ p. t ji fl^L lLwI -iJ^ 4 (^lj>-1 ■ 4 i 

i - 4 *-- 'L |^ 1^ 1^ jjj4 jlL>» uljt iii ilL.,i j^>li Ij^-j ^ 1 J US'»d-N<.»I a^»>4<mj 

.Cwlfl l c^wLl-* lj>l ^jjil iSjj ^Ulia»<l jJj^-j . j^Jj^jl iaw iI j^j (^ll —>\j 

(*SJ^J^T Ul>- ulr jl jjl^cl -L ..J. JyL llfC* ■«_. 4« ^1 (_gj^ I 








J>XJ 4* (; Xj\y^ (<—>) <j\+*y r J l<— aJO ^xJ-^ ^ A J&w 

. Jj-flO OJ U*r dj \j Uf^W Jl»* O^ -5 ' 

jL^w ciTL^Ja—^l ^j50j^X (^L^uj . j\ji LaoX.3 £j?i l ** , ^ ,fc i - 7? , ^i *X-£" <^Sj^ 

. \'“ ...ft (k^jJUv* 0»£>- J-5 cSjm ^Jjli) y^XC^lSy *iyJL» «Xjb 


(y***> J^-*» jj*** 


j er-*-*' 


.Cw! (J^j; p * -.. ^ J djL- ^S *L*^ J ^ ta4 <-^-A V^l ffr 4 j\ (_j^*i 

L^U tpl* Lf^lA OJS ^ C*~t\ jl J^l ^-vjr 4 --^jb p-p Cw j* **iL (j~* x ~' ^ 

o.iljU~J L »_j_^jL^> ^jI <J-*-* <XX- X Jrg^>« 4 ~wL**j* 4j (j|}>l twJj>-jL^>- jJ-^-* p^X-* LSy^°j\^ 

^ l. ^ a -a La L^>. la.w^i 4^ ) 1 g 1 ii a -< ,j L^w 4 4> L i p.* x .. «■*.■■ » L«x^w La 4i ^ L*^ j I 

L j>l _/ xLl jjl (jl^LajI^ i J^ 4 <jJ iir 1 - 5 4 t—‘"Ax 4 *(X^w^4 

jj <L^Lj[; La_C-sjjIj i k^a^^tpy p-jblji-^4 <^5^.1 OjLca^ .Xaj Ji-i j~*> l j£t* l?LajL 

ijlaij p~ l ajL {^j>X^jiia«.iI aS C-xwl jl j*j.3 tZs*y* .Xtw C*«L> tfjl.0,1 Ja^l^ 

tjj-X I jJ .ijU *~*y ila-^lj (^jjjij jjL }J&S »*X £jJ j X>- i . jXI XX tw~£L j 

£+*u X_JJJ »jlj-> ^ lA** m r^iS* ur^JJt h iSj^J^i jl J- 69 ^" cr~^ -? 

■^LT 4 

J (Jjlj^ jjijoliajul (jl_}>l 
L j>X<^jlja«,>i y. ?iQ A$ (jXj I j Y ^A -il^ jL-J J^( tf 5^ ^ 

C-x**»^Aj \j y j Jiljc* J^P i(( X la XZ ^|- * p-A4^ (^J (j^ J^^)) ^ fcf J fc\ 


^paraWcl 


— &\ + fcr 


(Nr-A) 





no 


-I ^J.^T.4 (Jj—/ *&yilC' 

' ' ' or-*) 


^ ^ 
^series k\ 


*$ iilij -Xi (Jlilj I l C 

I AjW |^* (i 




r L^J L *)|^U (Ulj Jj (JjL^al —* ly**Jj> J* 

/ Cj^3 j l^i OjJi Jlii»l L c%Cjm( L5" (_jj>a* L 

silil-J J>li 0 f~A) 4 JUI ) 


[^] 3j-i^4 Ap-wL^ 4 ^iaA 4 


* = 


GV<f 

rr/ 


(\A-A) 


Y/A x N 0 ' N/m T ^Jk». ^1 — t5~ J_)-u G j d jT j> *$ 

• C^—.>1 (j*^jil L$[/ m J J-^- 4 (jJ |>j—< j 

(jjl^lajJ j .XsS^j.* .iLol (j^\j j3 La I JJjL ^/ilL !"».»«> *> Ia • Ju .X>-4^ ^£1 

t^V* J a j J J! c«t L) i>^’ l*U 

cu—*1 6j^ ola [^°] 

k = C g br r (^f-A) 

j>)j> ^X?* t-sj^i j '(j^Xr* pl*-l r (_jL$j 6 jl ji 4^ 

,c~—'I vrf x WN/m T 

*T*t J-j |^ |^ ~. -^3^ 

iA^/L At,- L j 4 ^i**) jl CjjJa Jliz.1 |^ ^ *-....' 

oJtb ^Iji- 


l n 


-I L J 




Ti = kiSdi (\V-A) 

c r lt-*^” p : -: -- crTXr^ , - J X ; ’ J J J 


r<, = k o 60 ( 


(\A-A) 





_,*l. LfjjU 

1“^- jij; i-J-0 ij^jS O^tr 1 t ) ki ^ ilat\j 

r)k,69, 


k B = 


= V ki 




' 6Bo {\h)Mi 

\j Ujkj Jki* j>- 


{\\-k) 


• ji.ft IS ^S 3 J 


r-Aji^ ■ 

t , w^_> (^° °/° N.m/rad . L 

• ai Jj-_,>• ^Li|j<Oj C-j(! JL>J_j-f ji) [J*;yj*' (J—-d—l J. rT.t T) = N ° SjuJii- y^ 

5o_lj.u» J*ij (^-3 JS ^^-3 -c~-l 6° •’"/“N.m/rad 

r Ji(U-A)jOf-A)jlol£aJl 


k 3e 


\ \ 
+ 


A"’/’ \» r (i»"/») 


(r°-A) 


i- 

rt seriej — 


\\ 


= f 6 f<S/f N.m/rad 


(n-A) 


< L«—j fj^S JfcJ ^Jic 1 

■ ;—' jl j| (^ L fcl^ j) jly^i 


«/i^4 


t C^i - i I 0 ■■■* ■ i / 0 J IJ (j L u A (^£ (4 .«. . 1 .0 |^. 

^r-ur 4 

,4£ 


A: - 


/ 


(n-A) 


yS jjj-j 4 -*—> ^ jj I \\^° ^ J Jj -^-4 E ,<u_w- ^laA 4 Cv>L^ -A jl *S 

• [ ^ C* i <iIao jiji l* L 40 jl 44... " **£* ty^ZAj 

j j \j _) (jjSjij-, djj_j~*>4j fjTiJZ (jb’L^ 4 b U-* v* 

iJ^sJ J L _(d cjl^ l J^~‘ c ~.jaj \ V-A JSLl ^LL* (jJ <_jL^il 





f-AJL. ■ 

jl .\cm Sjljo c~tl*-a j 6 x d x 0 °cin jL^I 4 , . L 

iSjy^ [, ijs-uj tXj, i] = \° c~~J L <-J-a y~ 

\iJj '° °N (jjj .J .-L|, cslg^l J\ .Ji\ JLy 4 r°cm J _>U j "/icm Jai 4 ; 

5 >y. j-% -h [> jljl ^ 

_ (rx^')(v^-vn . rWxW , 

llnk “ T(. /( 5) =r ^xv 


(T6-A) 






Jww .il«j! jtJ jzd** ‘"^b J* < ^ ° ° N jL (^[jU j* 


Sx = ^ - S r,V X \»- f m 

^link 


(rf-A) 


,c~J •/• TYcm L y\y iS 

l _f^-jy > - _/*• {Jx> ji ‘^° cm <Jj^*i -^b cJ^I *i \ ° ° N (Jxk* *(ji^ J- ‘S^ 

LI (jjlc-^ii, ^ JL^I 6° N.m L xb; iSj ^— ^ 


'jibt 


JW = (v,ox U '(rT)(vr) 6 X ^°~ r) ' = '0/ r N -"'/»d (tv-a) 


“I u—^ u^riS* ijj ’-^-r^ J i i jl ^ 
fci W t = ('VX'*') = ^r-, 0 N.m/rad (TA-A) 

L c^wl .6° N.m jjb-15”jl J-^L- tjWjj 


£0 = 


6°/° 


\ar° 


S rad 


(TA-A) 


c~*o* -kb csl^l jJ J5” J5-i ^ ,<><-1: j j 

Ai =s <> / °rv-i-(“ / “rrp)(<i->) = » / °' r v+ v?r° 

. N/fdY cm (r°-A) 


L j.. : 3C Jj y* tx'*'" jj>- J-i 4li-L< jl ./* J=ib J jy** ‘ J^~* Oil J 1 * 

i-At b c^wl L 5 * ^*^ll -L^b ijy^ t*]/ -^(j- jj^hi & 

jj>j c?bi b 4 ^^ - ' (jl^ j ^ 

ji 4l>j ji54; (j\y^\ J (^lojL, cslj^-l ‘jUI (jrr*' csbi 4br*->* (j^ •f*i 3 .^ if“JJi M^.b J 
^jjuoiiajbl jl (jjL...» (_$:jLJA- j* I- 4 ! .jjlt^wb-* uZsjjS JIaIjI 

iSj" * ‘ Jjcjliajul (_£jjL -^b L 4 —jUL* j 3 ^j^*b »C^wl 

XjU) Jjle Ji^j 411^^]^ ji cjUa*>| £jb-« jl j 4Dj^Ic4j . JlS^^ 

csbi LT’^’ **jC^ cJL- ji .(t^_c j .LjUb^ cJj;- ) i'-*Ll aj >'l il+liL'L {jj_ jjijLL*;l 

\j>_j iib J>l_y»- Cwi ii jl jj/^* jlb i_5~”" ‘f* ~ '•■ . •••* ix"”*" (x^ JlJ cr^cr^i 





.JolftjXJ jlflJ j.* (_ 5 jJ Ju<*J LLlUj I £LilX jl (Jj Lh » 

tjUj-ac (J^“ 

Ifl (j~Jj ,: J [^] Jt^-— ir ^ ^-"Xi 0^ <jl»jL. 

.C*_J Lulls' £gl *3 jJl^ j| g^l»> 

UjLtylS' 

o, jlS* ^LfcjljjJjlf IjCjI (^lojj ^lAjtXljlf L {j l&j. u . L *»i 

jj-i# J^j^li IajJjjJ^IS" b . ^ ,< jjjijjL .Jj3j* jaL ^Iaj^L 

iIajUI,^ £y\ 2 jS JL+£ - *z**&j** . x iS* iL^>l \j I ^1<i *n < JjaL isSj&- xxt j~* 

.Ajb u^-w KSiyZt^jk i^^aj jjl jl Jj3 '^**- 4 jj*'-* J Sr^t |»***?- w * 

aJ5*j^ . c «..J oL, IiLumi j e-Xw xi*b*^ ^LLS'' (j>l^« ■ ■»; ««(JjXS* 

»Xw »3 IjC Lw I ^£JjjXA tfUjUJjlT jl *(jj-X* n\.s? (^J ^*“) J ^_)l i^ s ‘*'‘^ 


(JjLaaJ^J (Oj^-^S jj^v* iL<vm (^;L» t > L --»Jj-_^-^j 4^ XA 4 jLwIx 

C. «■■■»*/4i ^IfrAtiX,.* l J^i^ iSj** *^*jb jL JL^ 1 ^ <(NjliaAiJ 

j J 4&I 4* 4>-^» L .i V . T .* ^) >lX 1 a3^ j\Sj> L$\jt j XjlX LSjT^ K Cj^3J i ~*~’** 

^£JjjJuA <jl*A&X.i jl JLpJ C^J34j xl> jUi,^ “■—*Ij Jj JIjIXT 

.3^5" ff^LCLwl (IaJUnJ 4-1*ji *^5"I 

tXL*-A jjL \j ^^iJjjJuA (^IflAliXO (^11^4 4&1 y Lg^J ■ ^4" **' 

LI .(X?^* C-XJ fttSl—jl JL*^ (^L-Aj) Xjb j^j {Jjtjz* J 

JjX? (^1/ (^lAjljjJjl^ JaJUJ j3 iLj )_jA (.^jjX^j^ 

•X-J v—jjL 

. j u i f * A ^aL (^tAjjl* ^j^i oj jl54f ( ^lAjUI ; lS' 

LI <c^~J (_^^L l L# iJj^-LA f^jji^. \*jyy o>) j* uJj ^ j[y xx—J <>. £\ 

< —•>.■ > lx la ** y~A y ifjji \) 0^*^y.J^ 'I-^aI^-—j3 4* L^jl ^l. ^ i I y 

.ijL^ 

jjjjJoL t JL-^aJl j JjXS'jiil jl «( ''l A“A jji-t) jl->*-^ jjL>- (DC) p*SX*^4 jL^ iS^jyy* 

JL- j$ jy^y*$ L <Xf Oi^ ‘XX-A 1 ^aI£i-0 

0^ J* j C-jI-XA ^ *^*jb (_^Lj 

4 * o^y^y 4 ^jyy £y^ xx>- il(^^^154^ L ,xS^a ^L'jI \j Ia jyy* 

cry. jxi fj ^1 Sx^ 3jj^ J^L .cJl c —2 ( ^Ia j jLi5' 

3 LI ojl^ (^Ia jjliJiS ^Lul jl^-*1 1 O-X .xx-i^o~. jl 

il^lkjljUlcJU^ J^ jixL jL.ii Ia xL (OxjiL 






|^ i^i^. Ji .« o I ^ ^JwL >^.1 ^U jjjj 

CiJU J-* j £r^L—/ ‘^*jyy* 
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• ij; J*aI^>- C ^ ^ aLu]^ ji cJtw L ^>1^ (-?!/ ^j-'-*'—■* 

, fc, y^- li j* J J Zsjy~0i ,J !; »^~™, _)■> LSj-" Jl~ojl <(j5iLw <jl^ 
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j Jj j*£j ^JsL< jj h f 

/ = 

/ = k r 6x r (rr-A) 

/ = * 5 um(<te> + < 5 x r ) 


j 1 ( 7 * t _j T\) ^lA**/ Cp-v***^*^ “ ' ’ L?|^i (^i^Iaj jj [ ^ 0 ] ^ ^ ^ 

, JulS' f V“A) dia*|^ jj . Jj jjl C^w34j i(<f c ) 1*^ ^ j^r 4 d ^— 

(A c^4. j ) 

.Ju5" l/Txr tj —^ ^ r^ty*. c. N 
tfllJ, jJ aJ^»O i--j j3 [j Jau|; T L oli i*Ss* <& -i—Lfl**^ .V 

jlS^4 jl iC-jl^ j Cwl; 

■/Vfll 

I 

yr = 




;r = 


/V> 


^ Ljl* c q L^V-4 ^Jti (j^ \jj , Jo j+Sv jh-> jJ 0 f 0 ui IT1 jj !_^4 jj t£_* j 3 ^A d.L_g? Li , JA 3 <— Sj^ 

Cjjy^At \j joli* ^1 jl { JL+>jp C^w34^ \j J^V 3 ) ^ ^ Jj 

jlS^ jt \j j,$ UL« qA c^- 1 ji^) X-A3 X,jj~ (jt—'ii j- 1 j^ 4 jl 

•(■^ I*—’J 

Jj jjl C^w34j jJ j ChJL^ j 3 (^l^> 1^ (^ Ia® 3 13 

l\ — lx = °/£m (\ 
/ r — °/TYA m j (V 

-Jjj^Lj ^JJ3 5c.-^wJ ^jL 0^ L*^ 1 




* 

La LSLa i ^l*3> 

<ujJL» \ - ^ 

jlaj 3 jy4 L ^1 rtiA (jl^>iSy4 p-^J \yu* *pi U$j$ 4j*JLL_* yyS^J A$ ^jJLL-4 4jL Jf 

h^ij* CfJ j* ±r~\*** b^*j Jjb j* I; j 3 ifdi* iSj*y* 

.p-lS^ »jiaj 3j^a C^>- |iLv>l ^ jjL 

UAjL; Oil -^ur^ Oil J* 

£jil .3 y+t jLj ^Va> » ^J-*-*u|yU3 L l^il j J-X* a 5* C^w-1 <J>[ji 

tpjJji3 ^ j 3 I^J i^bla (jLjjl JjZlf (^[^ (^ia>- C5^frAiJ 

L*l •*!* (_^i L> _p-fr ->- ^_C- ^.^w[yb 3 (_jLaJ3IjL 4 L LjjjL I ^_$w«Lj3 

j&j (.jLj-ijj Oi-r^J** 4 Lf^ - Jj~^J iJJIJjin LIU (>>1 (TT*^ 

« <1^ (_^ J l 1 *' 1 <j Ai I l <»* ■ *.<*? j 3 <Cjj 

ci U Jj—^ j 3 t-jl+Al; (-?!>; ^.r- 4 * i> L_A j i |> Uil^ 

“Vt* 4 cr-Jji '° Jj^ .cjJ jhL 

Ul , ('i*°^ iS-1** <-^A)^ Jj—^ Csl* cTiJ* LJ 44 .!' ^Jr- 4 ‘‘i \j I^f^~ 

d**y jj-^ ^ o-oL d'* 2 * j* iij^p L?^ a ~ >m l 5Lft• X j>5* < J j^S 

JjZlf p " ■ • » ■■* -iilji^ jjA^a <^la-»- \r~^ ^la-i- o*j *-r~ij*> *> 

JJul^y^a iJij|3 ^jLii ^la >- Jf J^S (_gl^ * “.. L *$ ^j IjJIj l^>- .Ju^L |^1jJ 

. lJ 3 y>- 4aJ iia^a 4^ Li^ J I ■ ra ft ^ J j J 



j pS rrr 


j j l»X4 Y“H 

I fjlj* ^Iaa. J..* * * 4> jl ^ ^1;^^4 (^Jjl 

(^jLJ-U ilL^I ((JJju jTi L _k,J^) '^L*aA Jaj[f * JL^I L$!/ <jjl«ii[>lS'J i^j L<aA * 

^&*»l£«4 (^lAjj L jA L-* J ob j\J j*J _b lij j A j l_y (_5^* if . .. > ■ A> I . ^ . ‘5 ^4 

Jb-> J* LfJ^-aA^ jA \j L^I «^aI* 

i^L/l^^ (_£L^jLJU J* *^y^ , { m f A o aUlLwI 'j~i (^tl— * j^i) O^Cj —/ ^Ia^U^I... ^ jl 1^1 4 jA ^AO 

lK 3 -^ ^ jlyy 4 L> jl L*l ‘^cr 4 j^i Ojii J^ul j ^jUl^li’ ciLfr-^ju 

. a^ (_jj LJ -U ii»4 j a jU^tf 


jl ^ iXJ^ JLiA \j (_^U-Li (j-y^ (j~? 9 jI C^Laj-—« 4 jjL (_$1 flL ra fl^ 

4.^U»14 

L?!^ lLt^* L^iJ 1 J i l i i ^j^{ m f A j^v* jgj o Ljj (jUjUI/L? 

jA L ^yL> . A A^ ^ bti J »"ifl 4 j 3 _^laj Aj^ 4 t .5^5* # A IjCL*/ } t Iaj I Jj \j \S 4j i_a« L*< (_$ L^> L^* 

*jj^*w^»4 4...*.)l^u ^ l -** 0 * (_^tA4^1..,■>■ j| Jill^•■■j 1 4 [aI iAj|^ 4 4-JjT 


jl 7* olijj .C^w J ft Jw* jLlt> oijjj J JmAmmA jJ^4 4lajj^ ^ ^ J A 

#jls^J 4 ^ oLjj (_^I a 4^»i!..■ > ■ ,ji5^j»4 o-jLja ■■■* jl \j i n< j^L^j T 

^~>- JuIS" J^ ^Ju^aju (_^L^lcj—/ jl 0 jta^* J ^i-^3<u jl 0 jb^# t XAJ t ^ J p4 

.(ci-wrfjjL (_^t^1 rin 4 aI-Xju TV) jjjLmA TV x ^ jj J L^ : .<» 

■fr~^{j A {j^JJt ‘^(J-* J^** 1 J* Jj~^ f ' 1 -- 1 " J- 1 ^ !; 

^ ■ <^al jA 4^uJ ^>(I~a4) OLjj aIaLu^ jl 0 aLlL^ / I L 4$ tl-w^l jl L ^i 

L» J 4 *^d jjaIa/ 4 AI^4 j^^ •|«m5’ 4~wL**-* I; (_^l->- (_?^r 1 - * L$U f*J*^ (-^L*J 



,k - J ^_U Jj—^ p^«rr>* *^i jb^ \” ^ jS-ir 


jJ ^L^jL^u 4.LL- j^U*< '^j"V_y ^1|1./a*4 tjljji <JL« <J& wJUa> <J S *S JuJwL <C^*li iL ** .N 

.^jJyx-jt j Cwii 




VTA U &jbJ) 


j *ilii-l IflVP) ILL* jl p^!*<y '^tj* L* * 

r = M(0 < )e (l + v(e rf ,e rf ) + G(e - ) 0-') 

J\ .j^^y Uw ■Jul|»j‘i Jjy jg —• ->J y u\ji *J-^ ( yJj 3 

,j_iL L <ij>y» -i*l* ) '(ir *- 1 i J- 4 ^ I 4 J -* 4 

■ClL-L* LI .ijji JAly. JjJj I, Jg—* I>J ^ ^JJ 4 JT— 4 J* ^-jei jy 0 ^. 

lt'Jd cd jl • i ^*-**'I * 3 jl a 3 y?i jl j 3 ^Lj-lLiicI jL-^ i c—-j J 4 ^ <_*£—*1-^ Ji» 

jl jl j 3 lij Jr-^ i 1 J-r 1 ^ ltU t>J • c — * u ^ ‘u"l> 

j Jail jl .yit (^ — ^ 1 4iaj[| (_^nj3 «1»jLp*;) ob C« .J csLa—L->- •A'iiy 1 -*-; 

-I jl obl-L* j 0,j jiai ijy 


Ao 


. 0 , 


(j**’J jt- 


pt ) 


<_jlfcA—L->-jl s>\jy^~> ,yy- L pl___ “l 1 ^ ji 

4--*<Ipv* iS\ji «A»j/j **-**j (Jil .C^—I ^ # - i —' jL*~o Lfi— 

i>y t^j~. (jj j-i j .^oilj j&* j Jjj 4 j^-* LZi ‘-*^*1 (jLL jl JLr*' U^ 3 *- 

3 x>tf* ‘u^b < ^v~' j 


E = 0 d - 0 

£ = e d - 0 


(r-M 


cjj—i (_jLlai- jl '— , jy- ai i \> Ljlji[)l^ 4 j JLi^l ij\j) j»j"^ ^yij* Jf l^'v"’ 

(^Lfclia^- 4^ Cw<1 (_$|a>j 54» j|j>[;l5 (jLjjLjL^ S^iLvi I SJjI LcJ _y •J«S' <Lv* 

4 ~... I j\j^ T . BjliL-l XljjX^u jl jl ^3 aJ [j p * •■• ; ••' --^Id 

j_y*[c; j J Jj—^ p ^—g ■ ■ • i ^r-‘i' i i “- 1 -" « d ~-; jl^ 4 ® J-^"' j J •■£i\y*^ 


-I jLLj 


liUw jljj p T .....w J s>X*£. jl jb—Jal Jj-^>- <Jj~^ ^—~~< jA I^irb (_j-"^*’l 4-“* 


<L jl .CwI pi-™. (^jIjuIj <LjL*a ^1 .c~—I (j-*^ ^Laji —• l yX= 

iX^Lj ^yL j?» cjj/^-l pl^A j-i LLLi- jl j-j ^ c~.l jl^L ^. 7 .......* 

JjTTS |1 ". j£l C~ib J»L .JuJ^L Sygy «Ja~*y>» ji ^jL|^I.i. T pI £1 

J j~* (_jHIi>- j$ _j jl (-^1^ 

jl £jb JtS C—l jl ‘j_r~S “L-bj ( j:~— *v Ck** * Lr*il)*^ 

£ jljL4 j_^$X vP x5” c-;li ■S c—I jl (jil^u^tj ij^jj j <y~rr- 4 *. 

jj-iLj ol—.Lv* pL'*! (3i^r^* jl - J 'lj> ( y «oLjI» ^1 j- 1 -^~-l ‘p *"-" 1 

•yLLjl L (^jL/J—-t jl J~<?L»- (_,;>> jl I lj L J ‘je* 4 (jil-fr^-^ 4 J y. L»^~* 

•V>. r 1 ^ 1 



(jSwlfi-* yJU- JjxS TT9 


jL_ t JH—M N X ^ j^tjAA Jl - . <. . !=»a» a*J 5 ” jl 4 * < ^ \ 

ji .CwJ '(MIMO) j> >* T i > j ^ ijL^j L *$ 

J-*** j* Jj ' 1 ^ pi j/ij* u*“iiJ J p ~ -- _— ' lT *'!^ 5 <-*l* l> tjl ,J L> CjLaj iJ-o» ,^1 

aba! JV L ij\j> j>Qi^i 4;lf |ju«- ^.. r— . »— i o 

0 ;l ‘f^Lr* lt *'!^ 9 T (SISO) u>j^ , -£>j Lf J jiO ‘■^f ^ J« ‘— • J^ 

Oi 1 ^ *c^jS (_jL^ j l v jlSjjjL aI-—^L>- j-i « 

cSj>- (_^lA4jiLfc< iCuwl {jrtJ* 1 (_5^ju j J 1 rti * lC~* Lj*j 

JXjI J* .Jo U,T. >.,o Ij j&jjSv 4j OJJ* 4* 4^L >■ 4~T — ■ a" ... 4 ( ^ j ^ 0 J^l f“- -•■ ~Wi) 

p- " - ” * -"” ' l? tfl* p^ *b cr^ JLr^ cr’JU V— ^ ‘J- 0 * 

■ J jS J^>- JJ 


I*,? 5 tfU- 2 —s—' ^ 

f^-w— Ij^I^ j^ s-^ * Lr SL_jLS^ tfjjl jl 

fc ^ (_£/-* * T72. 4* ^ • it“\ J£w j3 .pjj-5^* _ >? Jaj jJ Ij &.>L^ 

* * fl * - J jk~a Q«j.« Jn ^ *J$ut £jt\ j 5 .Cwl b >«» ta . ., \j ^> l ,a I j C^-J »Jut> 

j^J .C—J ^Jut j^J (^- >- jlS-4 SJllf (jrr*0 lAljyw C^JLi 

JjI^* ^ ■. * . ~^ - 4]^Lt41 |»*«»> jt \j°j* |»*«»> C-^p j-u L 

mx + 6i + kx — 0 (^“^) 
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■ <£ Kla ,^ 1 pl_*. t-\JSL: 


1. Multi- Input, Multi-Output (MIMO) 2 . Single-Input, Single-Output (SISO) 




TTY 


ilaijK iijfi <_f3jjl <»j3 k-S>> 4^i^ ~ ... ; .< ^>1 ji jl jlx* 4 J 3 I** «-~s>j(j>,Jt 

i((r-A) iL^) J;~ilybj italu (jil ,J»- .C—'I [\] Cvt t-jj-i l pj 3 ijjy* jl J 

^Ikj i|*—>• 4;Jj) Jajlpi *i “r 1 ^ (jjl Lf' 3 -*'””'* i> p-*^ - '-'-!>*“ ^ *~ | t *(^) <yl*j 

.ij|j ^!L< 1 yi-<5 iixwJ j3 jl C*C j jl&-« 

► 3 liuJ ■ JjZi ”ji <dj| ijj** {j\f. i» jL, p '- * ;- <>J jl 

.C*_l jl 4 ^>Lj>- jj tXr-^”4>jia» p^ly^-** & ^1— 1 l 4 >LL^Ll« .3^5*p^[y>- 

4A«Jj j3 j 3^13 & 3L-1 ^*4*jlyb3 (_jIaaJ31x4 L L^j ^yp4*wl3 p~^j*ft l^jl ^3 ■ p ^* 

i^v 4 -ps-^tx" ^3 j L >*i*^'i/ Ji-'r’ Jjr ** 4 <-fl*j|j;ljl 

,c—I [f] '^y-^ Oi 1 <J?U V> 

j?l .Jjbi jL^ -i^>- jl j; O^IaIL^ ^Sj>- a. < x *JLa ' p««» y 

.15> 4^ ^jtj (_5 ^* (l^J; &) j I ^ k ) A > jL—> 

J\ U .c^S _Xa|^>, jl 3 j>- 4_Jj| j^^w C-4*JC^J <0 l _y 4 T ,,.,. 3 »I j L - w *3 y~J ft b ■■ ^ p ■■■ '^ 

jL_j, jl J£_>- * jAJt jl C~J p< — a » 4.1 *.4 1 j~^l 4 _^l£ia~tf»l J • j L-; ^*3 

^oIa* (T* - ^) iliLfcft 4_<l_y»- 4? 3b*j| (J^l 3 jiil ^ n_il~4v» o 14 ~ - : *■ |J J4 (jjl >X3 

.3^(3 ---■ k j ib tin (^UhjZ-ftj^L 

4> .(r-A) g_y jl (^litalfc* Jj" JS-i 4 ^ jft3 pr*l_yi- i[\] ^[,1.3 (_jlih4j3ljU AjJlkft L 

3jb ( _ # 5c __j jl 4 J 3 L 1 M (_jU<Cjj 

ms' + 6 s + k = 0 (f-^) 


3jl3 iwjl^yy j3 4■ «*ft ^i .<4 <j3ljt« I 

b y/b r - fmk 

s , - -— + --- 

Tm im (fl - ^) 

6 y/b 1 — fmk 

" r Tm Tm 

iJaJl^I j3 (-^-ftlj^j—* j-4 p' ■■■ ■ ■/ (jlfch) \j L^J 4-^) -St "S\ L j-^-» 

_j jcJ p"...«. 1 ,i jLij &L5*jT 1 a' ..,. * .L >■ Sr 5 ^ j5^l 1^ p * ..,., ^ ■ ^ 

ftijjl t(jCwL 4 1 .1 * I 3 4jlja 1^4 ■*■■- * L Ja-tj»W4 J) \ .3jj JtAl^yi- ^jiL *yj~£- 

£r^v j 3 ‘iij* j 3 uii j^; 3 cr^^ - cr^J-M j* ^ - 3 j; a *!^ p '— 

:3 / (^-j^ p^— (j;l <^l^ I, jjj jft-lj jtri^ 4 

iii^-.l k-S’liia-^l ,b x > fmk .cJU- q,\ j3 r^/jL-ftD j (jLi* . \ 

• x -*l'u^ c^L^ijy i> 0;1 ■ 3 ^- : ^ J-^L>- j j 




j o—<1 <w/Jlc jii ^ f771A^ icJL^ j3 i lih^j i j .Y 

^j~*jlj b Cj^ --^u 4 J ' J i 

^ i5*l£la,^l ^1* — ^Tflk iOJU- ^| ji j j .IT 

\j cjl^ I .Jhyl c^i \j fjS^A ijtL~iyj+£- jtij QiJ**ij** 3 *i j* 

•^LT- 


«cJI^ <>*1 j-> Uj L^-^ 3 - 4 C ^^-? fJ-' 

jl£»4 * ‘^L-y jtij jj-1* y ^v 4 * (jl^rAr! J '^-^y 4 i' -^i!/ 4 * 

- y *A*' 4 ■**»“ t<_r^“'^ Lf*rr^ 


(_JjL-*-olj j ^^LJ2> j 

JxiS'jL «x(£) ((^“^) | ^ » il *..« L) jl —* ^l—*! ^ 

O-—J _yj 4j «4..^y * .... 4 aJ^Ia^ (_^[y y ^A*A^ 4 «jj y.i d-JL^ i|t *w> 

x(<) = + Cre iTt (P-^) 


^Jyl Jajj^--/ LjljJ^y <JjlCol Ct y C\ Ch*-^^4j (0"“^) 4ja>lj jJ y £\ jl 4$" 

L Lfr I j^cr 4 ^ jli- 4 ) c j-** 

*yi—s jjX SJyl Jaj|^-i L$\ji jf L> ^Uj £■—' L j LfJai jl «r ^ 

^ *! ... ^ .^ <X-wL ^yL^ J ^jL-fl-^ yy-* *L>.j-i (_5* ~ • “;■■' (_slfl : ia» Ji \ . C wwl ft-Li jL-Lj 

.0*-wJj j£> ly»* \j~*oJ l* Ju5* 

Sjljjl ^-Ja> j\ j[y^ 4 (Cw > \ ^ ^iai jljL***> c ^iai ' km ^i 4$* (^-^[y 4 j-5 


Im{s} | 

v _v 

i *<t>i 


A A 

Si S2 

Re{s} 

t 


'lrr*Jy* — 1 4j ^ _? j J-#^» ^ A JS-i 







YT\ |*jJ 4jNji ^ m 

4j ^ , _. (_yLj> ijiJlc i-lal L a*_.Uj jJ ijl L ^yUj l — , J^ c j/iJ _rCjd 

.C -w *J ..i^ ^ (_$ ' 4 *" 1 *M' ** 4j < jJ Iji^ "^iii^ ^p® <®> 

(J- '— Cjj_j-a^ .jl i_JLt 4 ; jai jJ (Ir*^^ Lib'll* l (*.*" (*■ ' •- - ■•■' ./* 

■ 4jJILl* 1*0 ■O*-j 5 

_ - — - —— 

iVfl — \ ji jjjjli-* C^|/i i) ^ 6-X—/ oilj jL— 1 C^SjS^ 

- * j ‘ ^ gjFCJ-y * ■ * ^ 'ZyZ/qjA iAj ( JL*- jl) X — ^ U^ 1 * |» ■ “'^ J *C ^ I k — ? j ib - & 

£ _ft! (j-**' j»~■■■;■•' 4 ~—aJ^Lu 

s t + 6s + ?=‘ (V--\) 

CfW/34f ^Uf»- »L F^t —- ^ _) ^ jl £jpl <*.!■■> J 

x(t) = c\e~' !t + c r e~ rt (A-^) 

<t = " ji .^j®^ j^; c r j C\ ^ tfLn !>*(") = 0 1 ^K 0 ) = -klr 2 

p ■ .* L 4Lwl^ JuL ‘ Ja > ^j.* £jij (_jL^5jl 

c\ + c t = -> 

-rc, - rc T = • 

t ^ ° jJ - f £lS j>> aI^Iju u~> .c<t —'■ Y j C\ — —r C*w04p V^i!/* 25 

! ■ "■ ■ < I 1 ^ 

*(0 = -r e - ri + r e - n (\»-a) 

■ 

ixU>u> j 

y. ,:,L j j 1 * -il.it J 


0-V) 


= A + /< i 

s T = A — jxi 


(S\-\) 



LfJ jzS TT 


3 jl a l f-j [•aA 

x(t) = CC’' 1 + c T e ,T ‘ (N T-'V) 

JaJbXa illcl <o jI54j ^!L o^ T“^) J-ti L*l 

^ y ijij jl Alajl^jl a^lfl T ..J L t^ca^C ji .Si^j^a ^aLIs JjI ji I * . fl * . >. 4 


e ,3: = cos 1 + t sin 1 pf-\) 

j 3 jlj '^J 3 ~ aAa . o^fir 4 b (u-M 

x(t ) = c^e Xt cos (pit) + c r e Xt sin(/j t) (^ f-\) 


J,li ajji ^ 3 * j^--* j I a \l aT... I L 4 am^ jCj a5* ^m.*** a ^jj 1 i L Cf ^ C\ *, --1^ *•> 

rr—; j- >. J * L <^;J 


C\ = r cos 5 
c T = r sin 


0^) 


C^Jp_y (j^- j[y(_^ 1) (' f M “^J; al^jl 
x(i) = re A< cos(//t — 6) (\P~^) 


r = ^ + c ; 

<5 — AtanT(c T , C\) 


jl 


('Y-^J 


A15” ^ ^ jL*j t -" ■ * ^ ^ jl 0-L* I C-» jjjL *Aty £^Sj^ t^i 

■>J'^ 

'-r~~ a ’j‘. '{J* y>L*j> i—i—C?U Jj'**-* 

£jal <*~**-*^ji p ■ ■ ■■ _ ■ ..1 - C -■ ■< ^JLs*J? JjiL uj ^ a 

^cr* ■ C “J ; Or-T ‘J^bb 


s r + <^UJ n S + 0J X n — 


(\A-\) 



rn 


'.C—*1 ... _ . ..< ^«. . J» JuL_j U) n j i( \ j ° ^-; J*; jjJ* (_5-lAc) ^[,-a « " " . ■■■■' 4 J* ^ 

^-'—l i>j ) Ur^ J^- 4 ^=h1> 

A — 4 

- (\\~\) 

V = w„ \ - C r 

(_jl^ oJ-i U*^ J-aL*»j jj j' aS” C^w/1 g. ia l \^*3**j* *■ -- * \l j! j-i a5” 

- i 'ji_ r 4 - u ^~; j \jt U- 4 c ~r—' J^- 4 p— 


T >/ km 


(V-'] 


jj ^ i-Li L~» c-~—i i(i> — ° ‘L« JL* jj) a-L !_--• jS I 

.$yZ, j\j> aJ£j L <-■■■ ■ ■ ■' i[b^ — f km} lr*t 

*yi-cSJjl lajljJi {j\j> jl L jJilllj ^Lj _} 1 j ;k > J-«-A jl 

!^SJ>- .... .., Aj*J3 |,T.. t_So (^L^iaJ A$* ^ylS*L& .O^wl A-L* jl-** 1 

• C~:1j .ul^ \j~* jiJ c_r^y k ^'L-y 










btj X — — \ jli-4 Jil (c-wl ^2^5 *Lw I-Cj| aS) p—»>- J th — ^ Jtb — N *777- — ^ 

*'^r^ Oss** 

Jgil^4 *CJL>. ^f ji ^ i... .*' 4. tf^li4 4j^Lc4 

5 r +S+ > = ‘ (\\-\) 

iim .<> i4juj ji 5j — y i 7 jjl (_£ l& -Uj j 4^ 

x(<) = e ~' cos ~Y~t + c r s i n -^—(V V-^) 
*—*—iA> \j C r j C\ <_> L u* jl&j 1/ ^-(° ) = °J^'(°)~ ^ As-ljl 

<c_tb Jigl Jajl jZj Q>J (_jL»jI ij\j> i t — ° ji - 


' J-J 


C\ = —\ 


\ Vf 

-T C '-- CT = 


(rr-^) 


4> / ^ 0 <_^l^ aJ^Lc* j *Ct — j C\ — — N jj 

^cr 4 

x(t) = e _ T ||_ cos ^ sin (Tf-\) 

c—ijJ (^”M ,J£-i a jljJ^ i/ Alii" (jil 

x(t) = cos f-y-< + 'V°°l (VO-^ 


^jLw& j 

<_£^L**4 ^ ^4.j l> - aJLj cJL* jj aS ili jLiJ u[y*{ i j* 4 *(^”M ^ta^*** j* ^ 

jiJ (j>) 


x(t.) — c>e* vt + c T £e 3Tt 


(r^) 


c*r-^ l> (f^“M *<^ — Sr — _ a! j* ^ 


z(f) = (c, + c r t)e 


(TV-\) 



,c \ j* lsIi* ^ jl olixj L iXiL tj^xi v*^* j* 

f>ijli a i <c T 

lim(c\ + crt)e~ at = 0 (TA"') 

!—>00 

Jt~o j-i 4_J_jl LS[^ [) jl Ij JcAzLa u>Lj jwL ) Lj-laJ J-~ jl 1 

|T *« ■ ■;■' .X-il (_£)l —A ) A»jJ p~ ..'.. ; . J (j-*^“-* ••^**<J* jl—" 

.}y Jiljj- £-«lj Ois*tj— <j~*i ‘(_y<ir**i ^ KS^J*" 


tmjl, ■ 

,6 = f (Tn = ^ bijL*i,l Jjjli-* t» 4j —' 4 - J l J jl-— (* ' ■■•■ - ■* <^r>- 

.xiS' < 3 ^^^ bk j x — — ^ jl$>* jl (c~—<1 (jfl—’ IXjI a?) |»—) iC~—<1 k — f } 

j~—.\Ai ^.. .*- A. aIjIaa (OJb^ £j*l t^[/ 

5 T + f 5+ f = = (TVA) 

iX—/I (jX>- crt i ^\ = -Sr = ^ jl x lx j Lx aJjIxj ^1 (_jL*<uwj 

x(t) = (c, + c r <)e- rt (r°-M 

<x—3 A; j, c* ) C\ ii( 0 ) — ° ^ £ (°) = — \ SJjl hAjL jl ojliiwl L JU- 




•uAy* L»iU-* I; cr 


tiU ajjl Ja^!^ Aj ^>l«j £~—< t j lfc4«wj ^ ^ 






jot jjjif m 


■ ^Iwlj -ij L . -J^r> - 0 


c>, = - \ 

-Tc, + c T = ° 


(r\^) 


J.I 


Cj~^ t > ° <j,\j> 


*Z*S j>- j i Cx — — Y j C\ — — ^ 4jn-Jo ^ 


x(t) = (— N — Y£) e" 


(HM) 


p~...... *i.*Ua.* ^>1 "ijsjt jU_L L fr .r . . . v ... 4^15* iT* ^ l" ^ ^ j ^ 

c?!;ta oLf ^ ......... ^l .e~J (jit-® •T - ^ L }S-i [< * ■■■ ; ■•> XjU JUi j_t 


m > 0 

6 > ° (rr-A) 

k > ° 


j\ JCj> L j IjJu jj ‘ p*... ; ■ -. aA? Ap J ^ ■ ft l^>> J ^ 

ipT..«j..■/ t^jlJjLl L ^jUL SjLj^ ^jl^j iJ ji iL^jl js?** OJ* 


I»ji 4 >j 5 (^t fr ». ~ . MM . M > 

■ Jm> Lj ^,S<j (pj^ IJ ^i^Lt ji 4^ L L i La 4>j J 1^4 n.. ^uvL Jul5' j) 

L .JuiL 4 T .» t r 1^ jj (Cw I c*Sj>- L \j^* j*j ■ ■ « ^ ■ »> 

i^j-L>. 4^1^. JL^cljj J •(& = ° ) J-iL 6-Li ji> p ~ ... ^ ../ jlyli C—>1 (^^*-4 


u_$o j .jU[,L5' u_$o <4. 


e^LlC—-! L ——ft* I <p 


i •■“j*' x — 




‘ [T ?~ ^ I 4 O jy -&A ^ p..... ■.. jtjj ,Jp ■ ■. - ^ .. 

ijlj ^ >.>». ’> ■ a> I j f aS q.aaw I o Aw c?j I -ij |j L5* ^.■ A/ k9*~\ ^$vw j ^ 

Jj|^4 ■ 1 ‘J C^Sj^- eJjLw ^ jj j S^~> J I ^ A>-y L .XS^jA 




mx + bx + kx — f (Tt-\) 

Cj~, j~jC u[, -p jJ ^IaawL^. (>v* 






■ o jj-aA* iJiS ^jI^-xL jlJjj/lS*^ i_ftx k* — , ^ >v * c^!/ LjiJ JLr^"d^^ 

r^cr 4 


/ = -fcpX - k„i 


(ro-\) 


Cvw jl 4^ iJAJ^ jLli J; 4^*-. jl-X* p * ■■■ ; ■ ■' (_^jk ^ ^ 

pT,..... , Cwl, C~— j '(-^(j- 4 4^) J^|, : .■■ ; ■■. 

(jijjj oLe^l j ijUJ;^ cfW'^.y 'Jj^ LfU^r-— 4 J- 0 * *JS-i isJj* -C—l 

• OmI O-Li jyOu-A *’ b jy 1^4* i4*-jL**>- 



4— L-» jl (J}±)J OIa"^! ((j^*- -laj- i_~»- C~«— ji) J^^i'jije—'IS’.rC —;jlx» |. ~ .- j ■« V 

■■^cr* b j^Ll^ If!/ crTJ-r*' (jlf Uji j Xlyi-^ lj 






i *> *S iCwl jlSj jt gh jJ p—»-£; ->If '—* . ; . ; j J |*“-r—' 

<jLjOjaj jl ji *A/b C-L ^y 1&4 |»-~*- jJ jj** - ‘i ***** 1 j; ^j!j (j“* 

yjIS j ^ i t ~.a».~ a [; |»»> Ju aS^<C~»L w lyi- j * ■■■* >?'■«***> Jj—^|»"r* w ^ *cf^*i 

• Jj^ybl} ( Wy lb 4 

jly,j4 *(rA“ A) jyU ^ (^ _ A) J^ij^ i_T^'r*^d ,i ‘-'"T J *■ U->bjl^ <£}l—*• L 

Ow-3A fj~*^ \j A " ■ ■■ ! jl-k - 

mi + 6x + kx — —k p x — k v i (T'f’-A) 

L 

mx + (6 + k v )x + (k + k p )x - - (fY - A) 

L 

mx + b'i + k'x = 0 (VA-A) 

v UclL^i«l ir :^XrA-^j(rv-M4 f 4 S; .^L .k' = k + k p} b' = b+k v - 0 ]j>4 

p-.-.■-< £y jl Jia Jjya j* ■*; [l 4 * ■■■ ; jl-^* |*"“r~' j^iy* ‘kp J 

(6' = T y/mk') (_yl^v a? joS^ wliof ty,yJ= l> L* 8 ^ Xt *** .oObl^ p* a» v j 

.JjI Ow^a> iC-wl »jO (jb k' L L- a O ,* a? jIja y»jw j J~4>b- 

L oO*> Owl j iXjb (jJ— o\ *t kp y k v jS x^S a». y. 

yw^i L (jjljkiLli .jw jaI^^ jIj*LU n *wi L 6 I L»J. j* ■ ■» L ^ a *. a 

jjjb .JO jaI>^isoi ,((r?-A) L .(U-A) .(f-M o^a,) r y> J^!A-» siaU- 

^ULkj- .JiyJi Lr iO fc' L 6' J?) A? OjLjJi l>\j<_f* 'j? <J>yt~ >yr^*i ) a^— b« fb^l 

.J ClS^t I Jw 


f-A JL- ■ 

.XOl k — \ j ib = \ <m = \ ^"A J50 _,j »jO a^b jLiJ |0~r— cjUjLaI^L j^I 

lj (Ow>w (_jd!/r* ^S-* j^-* lL~^" li J 

.JkiJ^l C-VW^Ajj t-jju 

cr^* 

.6 / =Y \frnk ( — A/°JwL ^ — ^/° 


Ttv J/if jjili fjj-ii 


Lrt ‘b - ' 3 k — ' 

K = \<y 

K = v ; . (r'-') 


[) L^J 1 ^ 5 juS'J j L L^Cj! jj j^vj (^1 ^--■■'---■ <j j^w ol*l jjItTi * 

C>A—i Aj I; cXlS ij\S Q>\ j»Uo \jj\ji .±J j*^*b»- fj-'jji •? * k— ■■* <j[* 

ib l7U hjy 4 ^1 j->) p T ... j ... ij*|ji| <jj ^l| J ^ * ^ >b 

jjjLl^ J * " •«•■< jl J^w C<jAlii Jx» 4 j A" j 

«\ ° ^J- - -^ ft j j I j I La1 * _^Iaj Ai IL j U J U _j ^ c.^.>->» I *—j 3 I ^ 

jjjli j ». j .**J U C^Laj £j>) .Jui -XaJ_^ jiSwwl jl C-^-aI jS j^ ^i a>. (J~L^ ».".-^.- -> 

.2 j* p—^ b»- < 0 1^i tS 1^ \j*s*£ 

lOw>)| £j-l-J>- |» .. . (jjl^ jL jJj^4 a).*1*<* 

mi -f 6x + fcx = / (f°~^) 

<c.*w !j c < 4„..i <L* j ^ ** j ji ^ j j p L^> . — ■ jjj IS 

j^l> jl c »•.■.■■* ^ I . Ju5^< ojU: I h j ^ tin ij[» j j oLc^LLl j I j_y li a# 

jjjJ jlkajiij ^ j>- Caj y^p t jj^Jb\£ l) ^—=— f^- 1 1 J[r~^ 

jji^' i ^| J^ 4 J^ 1 . * 

j 1 ^- ^j^* 404 ; li («■■■■ : ■■' <J_r^ Jx. 4j dlriMflj C 4 «i*i-. i.> j_^>- .xS^j* uUlwl pT... ; ... jtij 

t-jUtlJ yp jl ^‘Uc^ \j j i JLjtf Aftl^>- o.>L»i j I. .* Ij 

• X-iL jj-^! J jj-^;) -i»lj |*_/»■ lj —■s— <_?[/; U* 1 

^*Lb jij ,JS-i 4> JjZS jjili j* iJjxS JXt 4j <C—;|j C ~.—i 

f = af' + 0 (r\-\) 

^ ^ ujl^wl iSjj^ j jjJc^L L /? j Q jl ji a5" 

a 5) n " ..... ■ .i .Jwmiji jiajij _*^-\^ ^ m m <i 4l> v5” ^■-'- i J . 4j 

J ji ■ iA ^ ue^T ‘Jj*~^ jil j* ‘( j J--'(_j^ S^ 3 ^’- J - ^) 

mi + bi + kx = af + /? (f T—^) 





jjjf Cf|^i J^ j *i [} *J i ^ | ^ ’ 1 "I ' •' ^ C**~»l ' r-“ ] J 

frr^ (jr-^ - [) & ) Q 'cr^^ f»-—r•* 


a — m. 

0 = bx + kx 


(fr-\) 


jS\^* LT~*~ «( ^ I ^oliLa I L 

* = /' (ff-M 

( ^Sw*LjJ 4 J^Lju tlj J j ■:. ^ (ff — jL>- .C—.1 Jl»-[} C*£j^- *dJ^llL* I 

[> jij Jj—^ o;l J ^ 1 J J ••**-* Jv~^ ^ i_f^ — ir- jl; 

| ijA |» L>tj I "^Li 4p*j| -£jL#) f f <U—iU^ 

/' = -m - m ( f <^) 

x + k v x + k p x = ° (ff-^) 

Jj -Xl^a * ...» jl Ifce^rii (jj _) iC^~/i oL* (TT^ ‘(_AjL> Ui^ ^ 

C ^“J‘ j^LT* (.y'ir’V (jdU-* tiU " 4 ^r' 

(ttM) 

<C»^jLS*; (J£-i — 1 J_r-^csU ^ ii *-*— 1 |» _ j eXlSJ^XlS"jb_y»j J^-“ 

^LtJ iC*~J bJw 


*-* Jt- ■ 

_,./? .o jjili. = \ i .b = \ ,m = \ jl Jc_iL OjLx P-“\ JSLt ft -....,...., t5 U ) i.l ; L ^fl 

(j-*'— V" ij lj (.y'Lr’V tjrlLc-* f^—-r“J 3 ^>j^* J.r^ jjil* (^J^ \j k v ) k p tjUt^. 

.Jvjji Cw ^ Aj .JkJ’yrf iUjJ \?/° £~O.J |JU 

(rr^cr 4 t>r^- 1 ) P ) a 


a = ^ 

0 = x + x 


(tk-\) 






! e XS, 1> T ..J J JZS \j jl 6 4‘... i j!-U <J_ ( r~^p* ~ rr w ^ 


l Jilt \j k p %jfy .J-Ji As-lj fj*- CL,jy^^ if jl p~ —: t 

v |^ f\Ap 4 jiU (_*ilr* C '^ J - 1 ^ ^ -> 'J* ^y" 4 —~! 

4x1) 

fcp = 'f/° 

fc„ = A, 0 (T^) 


^MUO < ^^>ULU ^ ^ 

j.5 4^j ^5” pjkj CJ^uw ft I . ■ ^ J j ■ ■ ^ A l^>-^j-ft 

• jl*j jl O 'j l ' " * (ji^ • -^”jlilj yjy* j ‘■«■ * j3JLii4j 1^ jl < Joj yjy» 

{Kr^u* u^J* ’^y^Lf* j - t_r a ^-~-‘ \j p —* - *jy *S *®d(0 

i jj i ■■ ft jJ^ft j i^>-j X^(t) ijjl <- * ■ ■>! j f^»Jb jla.> ^jy* j ■ ■ - « 

j M . n .ft J 3j_y* j i"" ‘ (jri jj*« tjLlai- Cwi4 t jl.j jA jJ [> j ii,j ilj 

vl^cl; J-—< <_~J* J'Ij’jj* ^ ijij./-" Jj~^ e = — ^ '—'JJ-^ 5 *; il 

^■'—1 (j"^ ,a .*" 


f = x d + k v e + fc p e 


(*-') 







j» l» yS-ilti ,Ja* J j^S V6 <1 


^LaCjI aJ^Iaa) J^lj 0*5 'y* L (0° M *k>l> \-*Sy *& 

AAwJ <lJj>l*j jj (^Jj>I L •cl — <l |_^-— llj 

i = x<j + A:„e + fc p e (QN~^) 

L 

e + fc*e + fc,e = d (AV~M 

^wl^Jk <C-wJ ^L^uul L-^vIjXs L |>J-i <Ljj* 4jilx4 (4^1*4 £jA J_J>- 

(jjl j-> (jiLc- 4 *Xr") (^je^f ^ J- 5 uf c$U 1/ 

ij_^4 y_>.»< 4* C~_I \j Ubltai- j-w J^J t-Xil*^* l!a>' <^L j ai ji eXt <£~l>y \j 4j^l&4 

jLij I; j - y ‘« 4 J^ ijoj 

<CXl-JJ *y?y (_jl<J_jl (jllaX j jjji £\ j I; A: j .6 .m ^^aj) -*-iL J^IS" L< Jx# ^1 

y iaJjI (jiiaj- O jy^ j ^ -J j$ -XaI^>- JLi.i j j -3 jy* f? ■ " * li-J.1 ftl^jl i-L*l> 

.ijS jjklji- JUj U-jj \j j- " * i jT jl t _ r j xt <uic jl j (0T - ^) aIzjI^ 


jjilxil £*> V-4 

jjllai-) ^jliwLsj iJii» .(jiLicI £>i i^Xr^|» * . i. >. ..i^ r* jl <_j^i 

\° _ \ jj .C*«l jly> L jyA-jli- * l. * . * ,gl *yy} |»1§>1» 



J£-i ^——> (^Ij; _e— -■ S" ; ‘ *~ “ X^S'J_^5' <^< ^ JS»3 





r6 N 



•fdist jl ! (Jljjj <*■£> l jz-—* i y * E .i> » \}j~$ p~r* * \ 0- ^J£-S 


jjj»* .C * . < >f t Jut ob jLw < fdist I jl L 

^i j (^Lia> <d^Lu <u j^ L uCu*j 

e + fc v e + k p e = f diai (&T-\) 

jM/hi't J\ .3jb ^ y*J jJ ^5* Cw,I ^l**-*> I^JLi^ dJjLu (<ir-\) aJ^Lu 

>J L>—j !j d c—iL $S£- iJlwL 

ma xfdi si (t) < a (A? - ') 

<j*uj ^yrs <yJ J^ j -*jt ■**!$»■ je ,e (0 ibl** ‘r 1 ^ *^lJ 

4/ <4jjl (j>J .[f <r] c*wl jljjL ^Jai- c>U'*-'~-~* / j J HBIBOjIjlJu]^’ 

^c.■■ 1 i £j%**~* ^ l^y I jl [_$j l^. — .i JUfl j,\ j, <*5” j fj L « a^?I L* 

•^ts" 

11 cJl> (_fQa> 

.pijS^jA Jaj ji nZ~*\ Cvt kAhu^b L>- IjlI 

oj$^ Jb>- j* ■■< L i> ^1 .p-A-> j*L^I LL cJl> (CJU- ^1 j3 

j\ji jk~& L .aU jk-*i> 4-iS* jl aS) 


1. Bounded Input-Bounded Output(BIBO) 








jjj*> LicJL y a i« .{or-M ja 

k p e = /*,* (dd-^) 

L 

«= Ui.t/K {w-\) 

>Jbi .C^bb cJl> <^lia> L j>\ji ^) *lajJ j jl Ow*J4j 6 j 

.jji jjbJ^>- LL c*Jl>- (^lisL^ <«l£L y^jy, v * 

^yjl^Sjf <U> jSj}il 

CJL^ .hyZi^y* e^Lftl_r[ eJuIr J ^y^S jjy ll jl ill OJL^ ( M jliai’ Jj fc* *4* 

Jj^S j^yLi A^uj ^2 £***24 «J j 1^' J^li 4 4 l* > » j2j^il l »Jm/ 

2^w^ 4 4««^y jj J O jyAP*j> 

f — id + k v e + k p e + ki J edt (AV-^ 

J*\^y* l ia i* aJ^Ia* J 

e + k v e + k p e + k { J edt = f iiai (£A-^ 

_j * 1 *— I ^^ j .5 - -—■ <jll oJl^ *S” 4>L^>] (3 <S^j ^jil^L,\ 4 I» > ■ 

[, (DA-A) i!il<L4 ,t > • ^ jly^ «BjI *U < • LfLik) e (0 < "j^l -Jj<S y-*’ 

e + fc„e + fc p e + /c,-e = fa>% 

jJjJJ *i l 4 —ylLlltl (3^) ^ C-Jl^- *£ 

fciC=- (?-*) 

e = ° (M-^ 

^-* , ^i CKi* 1 C?U J Ji-V’ |*,J" y*~*S-“ * |»- —;“ ‘JLr^” dj^ Oil J^l L 

^r/b fcj ^ymJL* ,>J$ |J^- \jl)\ 4 |»^w 4*j^ jJ-** 4 * |/4 ^ JuL |4»J^| Jaj l^w 4 jl 



j 


^j^i) uiSj}yy> <d^>- ^l jjJj pi *»ji (« “ ■■• ; ■■' * *»j-> f » : ■■•;" ' t J** ji 

JjliT j^ili J; (AV - ^ 2j.jU. l jJr JjttS' oUt—>1 «*—-JLc t-Ja*)) J_Uw jl jlji^ 

(_sU<dilt* u^jL; ji i^jLj <j\ji •['M x - 4 ^ij A «(_ »' * ' ■ * 4 *(jr—'^-’» ^_) "PID 

.Jut ^aLIs ^jil^Cjl 4Lj>- ti^jbS £|j| j± tXO tJS'lj* 


l^laiw#) «C—»j;oD j <C—^jjLaJ J jP^S A H 

JJ—•IS’ «5” C*~J 0J_j) jl ^Jo _/ j t_f~‘JS. by^^ ^ (jr-^ (^Lf «~- «. j" " j* 

iJJkJ ( j^< |_j-*i) J*~ a b^“j J j \j ^J ‘ Jj~^ O.y^’ oL—ib>u* <J j ^tS' 

jL jLj 4j jjL—L>u» <J^ <cJI jL*j jl */ jlJj[i^ lSjl^ ^LSjj’ 4 ; 

jL; .ujtJ' (^J Jj .i_j; <c—Jjjl; _) «(^l4l» ^yut J^=U- l£j^ .Xjli 

C*c J~* ‘’■Sjjj-*’ j* O'- •p‘-J‘-^iu A ‘jX tPJ'r 4 ij* J " <j]y. l) oL_Uu< |*U^I jjj, p^r- 

Jj-* Jjli .JutL JjttS’c~>C ^—_v l y^J a * jl j——; jL—; / 

jlii j_ji JLr"^* |»-—r-“ uU J ’ u J J •■*£ 

,[T] -ci^ji JjttS’ (» '• ■ -; ■■ “ ji jy**' j 

‘-^ 4 ~*^ ‘(j^ - cJU- ji 

ij-t^ (_r—jj (j;l JU- .^ll j~*-* * jL*j b*y. u^j* ^ 1*^1 

yj itjlij *> JjL ‘ptj-' i_f*^ ((jijj—') (Jj^y.^y^ ^Liwl fj\j* 

0&3-* jjbjj ‘£^rs“ k.J*' 3 jy ts j jjj ls-^L-. cs!j^~ cj^^j 

>.!/. Jil-^ -^_Ij ^j_aI .xS^ \j jl^ 

Ie-XLl-S' (^1 .Ju-^L XL 

jj^S* i1 1 .. " c I j J :^jLxL£ I 

L) xzl ^Liicl jttl Ly ^ : .., ^ . ^A <l>L*j jl ^jLr^l 

• Jj? [j Lg-iLllcl jj^l J^i ei^jl (^l^. * l , r , T cl Jj-4 

^pLllcI jLj jl 0 3 I; olj^L^ Jj^ 

ftjlftl—I ^aJ J J J^S (J^X; j* 4«.L«>- jl 4 $ jl*j jA :LL> «il>ul jl 

ji .J^AaIS* 4-^Lm*>- XL ^5vi iX -ijl^ l!a_>- 

xL 4* ,XjIx (^I»jlw xL Ia4^Lw>- (jjl , i , “ , ‘ ! 

j-^-b <LLai- (^[;b JL^w jJut ^ALb (^jjjl j)Xu *S ^ ^_jUcJ| c5j_jb [, iSj\*ji*j+j 

.JutL 

l-Ajj L Lj 3 JL-> ■ ■ ■ * j J 1; ^ 


^xl L t^lijl—J X J i n > 





iJJj 4j j (JJ^jJ l«- 4 tf];b .yrttj u;Lj^)J(5m. LIS' .^Icijl; ji ./AI¬ 

RIS' [jjl *—Jil) JuiL ^ji l|^L,l qiI i_»J* _^l .XijS^jt j)l^wUjjl £|yl C»«j 
jJ .jLil I ^.‘.lujjl (jjl (jA-is —; jii>i ^ Ju>L &1 >(>■< n il i*j*i 

.J^S" p-Jfclji* JoJuw Sjlji {Jjl c£^«* 


L^J J.^A 4 Jj^lT j t_fjL..J. u 

u-jj; j*L. ,_^JlS-. <_jjjl ji j, L^ J-4>A* <-£, jl »Al oL <jJ.u ‘lAK (jil 

•pi i»jj (j^- *-^i ^jy^*> J; ^bju jlrcr' ‘u^j* i lr*^ J* k •fnr^tr* 

A, .(jl^l^iS' fl->L>l jl5L ^J- <'3 *. *-S. jl (J>j l ) b> 3 J-^-* 4*Jlix4 (,/t^ (_gjl... l AA 

£yrj (a] 

(jjjh-lSj_y_y« l-»L L y * -«. ' ' ^ jl jj Lilt *S yjUjlx^jl 

jl i(jjjliwi)) (jil (jS’L, C-» . * .C»—I <0 A-A Ji-i) (DC) ^Jua^a jb^» 

Ch>«^i uil^ipl L— 1\ ^IaL^i>I ( J*S—> i^sbj-t L |^b (_jIaL^iaI j .l^liLL 

J^-L" (jil+T^|rr- J JJ’''* ‘-^ijl J>A> • J LS’cr J j!A>* <j*“jlj~4 ‘(jy>yj) jyy j 

tiJ' 5 jl jb./r Li;^ *-(jJi csb; *bfl j J O-*^ iA.^- ^■ J J^cr' 

* <jj.A jyx> cAf^wp--, * .Xjb ^L; jykyS L *S ^L^jyU 

Jj .jlj«A Jjlli? *S iC^wl »-Ll J. A a T « (XjL^u jj [( 1^1 4^) jjfljjS <_sl+w-Ap-~/ 

jl jl^*- J^r* |*l^lfc 4; l^tl 4^ [P] (J-* 3 1 J l?ll J J^* 

>y^t_s* jC Cxr^ ,Jj J ji^^jyy j* 'jyM c 

F = qV X B (PT-A) 

iz *S j^ B oAw L ^ j i..i.* b LA4 jJj*^ V lLas* jaj L 4 S iq Jl_^L 4 ^ ^1 ji 4 S 

‘ix“ , ^LLi jl-J;-* j il^wp^w/ jl ( _slfr ; Ai-^JI cs^jb ■ i y*ty‘ J jb F 

jjI zJtS .>Li4jf cLlli i/jiS cJUi j i .Cwl jy ll.n/ J 4 Ju-h*tjAj >Aw (j 1- ^ ^ * jLa 

O jy^\ [> j^r “jb <jyy jj^*lS C~t .XsS^a jL jjjjy* jjL—^ OuL 4L_j4j \j jyy 

3jLl>yy jjLiS’ 4; y j 

r m = k m i a {rr-\) 

jbjj i_£fci.l ty*yj\ j -~jj ji ) jy!/j -^b. iC—J jl/ji Jb»-j-s (jjyy 45^1^1* 

■-L-.b^. iSjv> h \Syyy Owb \j jl 45 ” Syl^y co^» jyy* j* ty*}* C-^L 



roo I 4 J kSj j (JjLJjl* 

C^-*34> \j OoCjpfcW ^A <^1^ •Juir jtJ} iC^L Jjjl 

v = kj m (9t-\) 

<X«£ L tjy\lyk£ JXw_y j^fb^f j^ jL _^w) j~JLt i^i5^ oJL>- j J 

6 X,} L l^y jJ |y {J^y / jJj) JjLmni^ ^jJ (_£j j JjL4 

j b m » *XX £j\ (jfjL*J,X« ♦ jA j.1 . C -..*l C-«-^aI jjl^ jIaj^* jUf j3 4>- ^^1 iCJ^ 

•Jjj aa|^>> jl 1^ ^jLJx* 1^ jl ^^->- j iC^—»l j|^w3 

J I ji I 

xtojLc jl-u jjj»I (_$lj*.I *Jui jLw j^--4jl ji^JI j lx* N ^^ j* 

•V **Xi xJ_y aSj* l 4 XJ> t£jjJ 3 ‘^a i jTt A iV a jtJj £X* jl 

t ^ A r uP j > ‘Jjl *?j*if^T~^\j*i* L ^lx« jjjl 

^a^a “I" r a i a — V a k e 0 m 

U~*\) jl ^ 4 ip Ijl £*>£-j+* 4> j) jyy* #Jui jL»w[ jj^LUT CJI»- j-i 

£—* J^-Ij ,#i j^ cr-* 1>>7^X jl *-*y-^ jl;>»- '(j—L lX^X ,jjt .j^xS’ J 

1/ Ojl-^ tjr*T jl *a ‘r'.X* okj* ^ XiSj* (X-J iSjj 9 [) v a 

‘j^J u^ij* jsX X*1 • jL>^ uiJl) ci U - ' -.■ : ■.■' (jil j* .[V] X^L^ jjli^jL^i 

'cX (^1 (_^aJLi- JjX>w .Vo <£l* jLJj ^1 X- j ./„ Ijjyy* (J^t^jXl 4jL—#j4l 

•V^ix* A XJ dLXoX jX* X ‘trTij^ jjlxllj Jx jl^». aS - c^_| jl 

^laj<-ij-A ,Jrfli J j^-b j_y_^4 j^^LSJjXl 4?C-—il jl < 4 l * ....4 jioL. (_^l^ U Q y ...inj 

^ j- 5 jt-^ Jj^ |» "»*.* ■" * * j-> Oil .C*—l jj^ 






eykt- _^\ .iy JJblji- Jjj L* iJ«iL j !_■■■; j I A* j3 i J p T^ > d b d~4 J 

[) jjkjS jL_^ C^-^ly ‘^d^ ‘(T ^ jh'-jj~0 j? ijr'Ji jl '(jy Id^d* d! 

j3 LI.-> yS~ ji jjjL) ^ll. **JI -p ^* - ^ JL-pI L-i— * 

tijJfj* jLy (» ; »• — '« Jj\X\j[S i jr°J* k*-J 

>y* l r^ 

p ~ -- : — tfLjbjl <& -U 3 <j-* d^-“ b DC jyy i -&ij_yx> j-* - 

tjyy) <t jJLlJLtl jjt-lS" .Cwl lJ-1 J~al* i^ybj 3 LfL)L lidb *i ‘* J ~ k ^" 

C*—-I .C*»J *Jui ejb y^*j\ jl-l*jl tSijiSi a d^ **“b b lT m 

j3 jL c^Pj-/ t _r- k ^' j yl* j- 3 < ~' c b V 

r = tj r m 
0 = (\/ij)9 m 

jjI t ■ * < ^ (L j) 1..... ^ ^J^Lj ^i^b £p~~*y ^ ’V ^ d^d 3 ^ 
r m = lj m + bj m + (\/7?)(/6> + W) (?V-*) 





ray i+~ j j 1 /jlj.u 

(jLjjlitL jj jji —jj i^l^ L .al b j b m j ijL j jjiij o*^ v-e.x 4 ; I j ^ 

jjT* <jL»^C-a S-—**ji i) (^ y ~A) jl^ix 4 ‘(^ - A) -Ml» j) ».>LfcaJ L . X . T ...* jL j 

c -'- i J ; (Iff^ 

r m = (/ m + ^) L + (im + ftn (™-A) 

jJ^a Cw34j (jl aIsjI^ jj*^A 


r = (/ + T ? 7 m )6i+(6 + J? r 6 m )^ (?A-A) 


■ JiaL^a ait-la- J 3 aij.>» (_jAL? [p I + f?7 m £yL* 

aS* .JL^JLa <& X> Aa-^i .Jul^i. j^'yA ja»A jljj^-a |^ b -f- Tj^ b m Oj Lc i a, 

J-afjJ jjTjg ^lj«J ‘(fj ]§> A jl J-* (_5*^;) -v! 3 LJilj iJi«l jl |» t ... ; ... 

I JO 4 U*^ r^'j'LT 4 (Itt** “*i J J I J ^L^-l I; ix^>- 

L C .* J ~p - ji ij*j->[S.-a jj ^J— paJLa (-Sj 4j -bjj I ^Zad ^ ^.lO ^ ■ n I j$ ■ p-~~- Ca>L 

jI-Ia. L?1p^ t-^LjaLj^ J 3 pOI ^a ^jal jlj~a La) .xS^jA j j.i* ‘ j) X 3 J^ jL -J |»j~»^-a 
j) jL--pJal jj lit a a. .C~wl j*a£ (tJ — 7 |» j .A a -■* a ljL^Lj^j 4> p Z....... t pa-liia-^^ (_£iLj 

j\Jaa ^*j j5*La L j>\j* t \j I j ).l A a JuL \j*a j*j j5jA pZjLjlp '^ aj .l^ a5 'j ■>■ a£i>l 

p * ■ “: “ ' 3 X hmt \f* ^L Imaz p—'L iCji .p»^lj^a I m az \j j^^iJr^La j\Saa (ja! j J jl 

LT“*^ ^ 1 a ^ a t ... a l^ 0 J~ai jl .^il4lJ,li L ^yl/ay (_jil^* L^ ma Ji j a-Ji' jj 

■ CaJlIj jjal * LJjL^ J (»^[^9“ jLS" 


JllA ■ 

J m - ‘> / MKg.m T ^ t ^.j^^?Kg.m r jTKg.m T 0ri ./J ai l ;t i:y>lii o iiJ^I 

5C^_I paa^L. J Jjilla -C—,1 J? = f 0 'j? aOiAi-yj. C~_ j 

jl Cawl plajLt 

I™ + ??7 m = V + (A* •)(°/°') = A A/° ( y °-A) 

LKr^t J? tx^ J 


Imaz + = 7° + (A 0 “jC”/ 0 A) = A 0/« 


(VA-A) 




u&yl&i Lfl*jjb rAA 


jj CjjjU3A» *■—■*] /!** * < L£ i * p " jl O^LlL^J L 45* ny* j^4 _yJ^j|* «Xl 

■ cr^ 

d-Lw c^jLJ-U jjJLoLLa}I c^I)>I 

JajJ; j (L^liilL iLfrjj^v* i»JJJ^^>- p T—^ »« 45" jl ipl~-~w (JjLJju jti i5j£j 3 p-f 4 fjZpj* 

ji iL^l (_$Jw>^jlJa»i 1 j <Jijta ^£►1 £ji J .AJL^w j^JkJ^LLfcl <0Aw* ~X»j^ 

Jji^jlJaJtil jl j3^^ylaj<^i^LJ-i AaI^^ (j£>ijj)l | ) p l«y » itfjLJjL* Cjjy^ 

^UjL) m LL> £j*\ (^Iaj^Iw tl^jT iJ-lrL * <*»y*» 145"o—J ^1 »lj^l 

4$* 4^-j.i t-JLc (_jl^~IaJ Jgk L 4mwIa4 j} 1*1 J iO^w^Ij jl^w 0 A » ^ > (^jLJjU) 

45* C~J jl 4j «#Juli (jjLJ-U)) I jJbl^>- ^wj^p — *A jUA —* (JjLJa* 

41^1x4 «Oj£ (J.J* ^(/tjl *Jj^ p «< *■«•;■»« (.T^lr 15 J tir^ j-^ ^ (^[^i 

j15*4j |^ XjL* (^yj0^L^ 

_L»Ljl>. j j Lw j* 1 i|» y^ 3 jJj |i i*-y4 j j 1^ <jl«jL. (^L^jj jj»-jLiafcl pj-c ijS p*.*- ^ jj^ 

J Uo-I ul [A]^ tt l tfk oL- (_y]»AcLi 1*1 4^ ^IajliJJL» Ij p^J T 

(jjL^b ji juL 4".m,>* jIju p* >.,.m..m -uLw ftlfjl iJutL u) re5 t^UjL AjAJLj 

^_j 

w„ < yu; re , (VT- 4 ) 

< 0 ^* ^ pjj*.J <-?i^ ‘l£jI—-‘ k £|jl 

(jUjjxU *$> p_.,w^4 JLv 1*1 LL cJU j jj-i 

(^IxJbJuU ^ 3 "«' ** 1/ *jj^x* 10 JJU (JjL*J-U 

.x^* p^c—4 ^1 j|) p i . » >■■>« j j 6 (j^'j +->-1 (_jl ^jb J^.[A]-X»jji 16Hz (J ^Mz 

Ij ( m ^|0jL*> jljuu ^jJ (JuILmW (^0 pMMM« jl (^yj Jj»»J iLfc I ^*L* ^ 

Vo Hz 


V-* Jfcu ■ 

j3 ~ \ j tb — ^ 1 771 = \ (^IAjX^^L Ij 1^ ^ j3 0 -Xw 0^1^ jl-JL» p * *-■ ; ■■ >m 

*/? .jA3^4 qi A X3.d/s ji ipi«<M4 ^1 Sa»j ^jLJjj j^Xmi 45*^b^|j 

CiU j» " *■* : ■^ - J r^ ^ L$/jk ji^ 4 c?|^ L J ^p J 

V^ 14 ijj! £r**$ J s j// <_r* , ^>^*l jl c^In jl i/j i t ^<^“1 ur - ^ 

Cr*j ^ 'j? 




Y 6 \ l^J a* *Sj Jjzf j (Jj LJ-U 

j lj~* (jajTa/L 


ylLfltw j |X 5 «I <~S*> Jp* J [/ C LfjL—Jj-< 4 , ? . ! ,JuiL 

.j-iL 

(*r~^_r* V^'l LK-^ 1 i P J a 


a — \ 

/? = i + i 


(ytm) 


S JwC Li j j ol,i~. J L jAL t Ju».|j j>O jy-&*‘ < / r J ^ p ^—?"< > 

Jaaljy 4 » L m ^a jLjl>-I u? rt — frad/s [^ 4 " ... ^ jI.Xa -^Lw t(VV — ol—* 

^J>j.k p = u r n \tr-\)j(\*-\) 


k p = \r,° 


k v = A/° 


(V*M) 


LaLw i 

45 *^L ^a . \■. 5*^.4 ^I _x> ^---* t jj i■ ■ .^-—ijjt A ^J ~* j 3 45 * I bj Lv ( -Ja«._i[J aa^I ^Lw* La 

jl (^Lj-vLTjf jJ ^jLL\a yjLwL—*/ (^l»jU (_^aXijlJaAj| 

^4 JjljliaJlj! Pjp^ ^ ^ -JaI^L ^L*t j} jlS* ^J>l 4lJI .i^jl jl 

p ~ <Ltjy-&<i \j p ~ ......w 4 — 4 «L- JpaLw j^A 4 C^W 4 ^ 4 ; jljla 1 ^ 

^ jaI> ^ ,(r-MiL^ At 4s*y l -ULw r _J^ j* 

w n = \Jk/m (Y<M) 


c-i-l jJ^Ijl 4 T71 J ^j( *$ 


A-^ Jtu ■ 

ji*l 1 ; ^ Rg.ni T lt^ *^° ° N.m/rad l i*^ 

<_fjl l-U Ju . . . 4 . I ^jj| iJi^aI |jW^ p I * . - * - w-/ ji J ^ 

p-jU (Vfl-MjloliL-IL 

■ u> res = yJf°‘/ \ = T°rad/s = T <, /(T7r)Hz = f/THz (Yf-^) 




j* tr u. v ?• 


Jx* jl ft >U*--I *Uj_^v« 3 Iaj^j j^Lm> *^ 3 ! ^ 33 !/; is[/. *[^ 0 ] fcfrs 4 j* 

\j My** i \s*- Mv • c '-l ,J " ^4^. |0^ 

.XjL.^ p-*Iji [1 xxw -uLw ijjj^ jLj *jy Jy cr^ - fJ^ x £s~* CfJ 3 

jLU j_)JV4 *-Sj ^ jS >Sj (j[x [i [\°] LJjjjl jl J—sLa- pi* 1 " 1 

ljL^I jJ • / ITm SjlxU (jl*lajU (_fV^ Ij o^ju* !> m * (-Sj^ ' i .>“ , <_r 4 4 

ji !> °/TVI '£y~> 'I u tf^"*: l< rxj Or^* * •■^ de.&k 1 x 

.jIj j\J jyxo cslf^l 


Jli, ■ 

*5x1 Jo J L .c~J V? 0 ° N/m ^IfJl y^U- Jj^ (_j[fI-3 if/Tf V Kg |>/»- ^ yia,!, 

(^l>ej3 1 Jaj\j (_£’Ll. »I U ». 1 J | J^sU At J»» o Ju.L_; >^*15" p ■■■■ ; ■ ■' 

• Xjjl C-w-i4j [) W reJ jljjLi .3^ .ilwJ C-j3jX>v* 

* |J^<- j- 5 j^ 4 ; lPju »ilC—>1 L . r,m Kg r ^ 

c~i Or^- xjLi- X.L. y- .xTy* c-3^ (• / rr)(r / rTV) * v Kg l sj ;> 


^ u> rea = ^--/V = ?°rad/s = ?-/(Tx)Hz 2 \,?Kz (VV-^ 

iOwJ eJut oli (YA - ^) j-i 4 -*>I jl jl-l* (_jli»JjL 1*^(3^ 

j.> j, ^IftjL- tfl^l j^li ^j j^i J-^* j- 3 







<Cj j j \Saj Jl JzS } <C^wj3 < '-"^ Cf^J* «p l* ** *^ *pi 

%—Aj i_Sj LI jLS^j .. <3 jj !>L» u[/t 

m .[\TiNN] Xjo^ 1; JL» ^ILIj-j 

l£u JjuaJu <Sj J j^S 

\C~iJ Jii> J± \j J> j Jo_? a- jlj?<j> jj)sAi_ 

'la 'jyy j_)—;biTjJul _>) . \ 

L jjj^i _} C-L* jj oLj 5X^ .iljuij L (_fl&XJL-^»- Q~*^r 

•ir^i/ <_sjL~Jx* / max + f? r T m 

i LtJ r eg i«ow>—' Jk>»L™> (y j * ■■ 1 jl l -^ 0 I [it .I ^ 51 sjI—• ^1 .^ 

• J,? ol« : ...l j[^w CX e _^rfr; Odd** C^l^i 

p_~X 5 Xl 5 ” J 1 I; j*L &-< cJjj ^ j I i J - '“ •* ‘-^i o \y u* j* <y} *t ^y l; 

3 £ Sy~^ 'jtj *xLia^X^ l> (_floXJl( 


— I max V In, 

0 = b + T] r b m 


(VA-'V) 


t ( — 9j + k v e + fc„e 


(vv-M 


j! jj.i>- ^7...^.■■ (_j[^ <c*—> jl-^« aJj>L^ 

C + fc„e + fc ; ,e ~ T diat (K°~\) 

Lx*! L&P ^ i, i aJ^Ia4 


<jr~^ ^^rf! ‘Ijy 


kp — u n ~ f^res 
^t 1 : ^ \/^7i — k-Ves 


(A'-M 


j J 4 ^ 1 rt" > La) \ 0 ^ 

al^ua J^1? 4j |j P ° La^lxl~x3 L jj J J 4liJ j L5*4^ Jjui” ^ L*JL>- Lw * del J h 

jLjLr»-Lw J* (*^1^ ^ 






((^J—.pl» sjjjJ JjixS" yj~~*S 1 j^ju 45” DEC LSI N ^ <—£j 

clAeXjI^ jtj qA jl ^ jaLja-}^-* jLy •Jjjl-ijj jij <_/" * j 1; 

^A ,-XL?^ Jj^S J~ai jjil * 4^) PID j_yli li [i J-^aA 4 ^ 

eJJjl*-i 4 j L&jliS'ji' ,C>w>l _)^V4 (^laX L tSjy jl-I^-xS* i^j 4j Lj-j (J■ ^ Q4 

j-i 1-^ !; ij - ^^ 4 d)^ 4 ‘^fr—’J^*-'*' jJjljj** L .Jjl^j. r a.* 

l _j ^ y Lj J ^XI^wj^4j L J i -i fl <i Ox j** ^Joyt* j 3 j «Cwj e-L-~< o^L l .wI jj■* JI A^ 0 Lj^j 

jjb- ^S jL^i Ji^-tl jjlaX-4 4 j fiij jj-Ai , ( - 5^[^- 4 ij — <a A 4 

■ ^3~. .4 cj^jlil <i> (jllL^j-i) U^J ij"^ 4 b jiJ *DC $ jyy* At 

jl^ 'SyZ ob—r^i jljP* \j (^Lfcjl-U 4 j j l*j* jyy* ^ 

i jy* j<VJ1 JaL>- (j\y j *-?*'jl j—/ jbJ_j (rr^* ^ (^Xjj!-U j* l j_yy* jl 

oib^jLU A? ° Lj-J ji J-^aA4 J JilS ^ : .-^ j\}y+j A A - ^ J^-A j* -Sy^^y* J \j^ 'Jaj 

. I 0 -X —4 

At . Li _ i L tjjLC* <jL jj i4»oL^L-4 Y A jA ji LSI \ ^ 

j\s (^I4-jL^L-4 °^AV 0 (y\ a}*j* ^jm\^A y ijA ■^* 4 'j^(_j^ i ^ g i. ^a fl4 (j> Jj j 

PID Jj^S jy li j j_^w (.jilai^ j I? ^J^ 4 j^- 4 4iai> L^l 1 OJ -4 ^i) .XsS^y* 

jL^ ^5<>jl$Jl (J^-kjyy* At \j j^Z^lS jl (jJ-Xj-X*- jIvXa^ ^- y * A^ij^a \j 

j>UoI J^zif ^--2-* (j\y j; «^/L oLLx 4J5* LSI~NN Jjy*^ 

LTi [f (^JrJ l —'^X» < JjiJ^S. VAL Aja^y yyyiS Qt) .J_jI A**jS 

1. Rockwell 6503 

jl (^jL—i i^LfLx JL>- ji -ijj^ j\~z*t ty-t-ti o>-^l A *iL (j>) tjjjljS: .V 

.xsS ( y >^ U" ...f (68020 *Vj jyy jxjL*) TV (^LAoJJjLyjjpjj 






^A-^JSL- 

J Oy^ jA O L~*/ L»V4 Jki L LS1“ N N \S t Aw jy^ 0^*J* j I {J** » ^^{J* |/^ ^ l^J^i* 3 

jg ...j JsIaJ j «Ju? ^1 p [> ^^laj 3 jj* j. j »».« 4 i-iAJ 1*^1 1; jjut) (j^4 j 

.Jlf LfJUa^u (^Ifco Jll5"JjIlf <J?J^ «jL£j ^L^Lp* V A jb 

.3^5* J —oua y~j j JL*jj -Aid* * LSI-W 

'lAJj^T *-*>■ ■ 3 J ■ f£‘ * y~i '^ J - '(_^r > ^ (_£L$aI£1w3 j* >£kc- 

oL_jj o^yij* *<-^jLl> jlji sJiiS e^Uz^l j 3 *5 OwJ (^Id L ...^ 

^»l lS^+S 4j 0 xi5* 0^Lc—/1 1 0^ , ° — > ji i}k-« .j jjl £sSj>* * 1^ 

CJy*- Oip<a*^V4 ol&L-O ji L oLfll^w ilSj-w^ j3 1^ OL_jj 

jU^i j ^^5* Ap-wL>v 4 1^ ^j.^■.. 4 *cA/>^ ls^* 1 ^- 3 j- 3 !- 3 jL^j L <cJU ^1 j3 .jaj 

JjliS" (_^La0AJj Ujj y^j 4* \j ^)I 
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j, J la 1“ ** * J L 'fjS jA ^ i*Ski jS [ V ° ] \ ^ 

S\ = A + pi 

Si — \ — pi 


■ _ y- 'iS JuJO jU* 

x(t) = C\ e *'* -(- ci e 3 '* 

c -^y y.j 1 / 


x(t ) = c v e xt cos (pt) T c T e xt sin(pt) 
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jl (^UjL«I;L ^ ^ J* ••^ j^ ■■' C^r^ - [^] ^ ^ 

Ubj x = ^ jL£> j] (c~-l jSL* )jwI *£) j fc — f j =■ 9 iTn — t 

. -X-lS 

jl (_;l>jL.[,L *£ , jjj~0 j> [i Ji-i jj *xt *ib jL— p ~ • -_ ■■■' '—^j > ~ [^] 

U j x — f jli* jl (c~/l Ixol <*^) (**-=7 j - k -“ i b k — \ j ib — X im = ^ 

.jL* ~*J «Jww L O-Xw 

jl iSjljj-a ji \j X-\ J£x jJ »xi «ib jLU p. '—. .••' c*£j>- [\r] 

Uj x — X jl£* jl (c—J £jSL*i IxjI *S) j»~=r j X— il> k = 0 j <fr = X iTn = \ 

9 1 ■ 1 * 

jl (jUj— l>L j3 [) ji *ili jl—" p ~ ■■■ ; ••' '—^j > ~ [^] ^ ^ 

i = T ijjl c*tj— t iX = \ jl£»4 jl c^Sj>- j X— L k — \ e j ib — y <m = \ 

■ X^S" let*' jl*l 

-L-y «»xx »xi» ,_yiJ o!_,—»: \f’*-f) iLl;(\, >)jl olixJ L [NA] 9-\ 

jl * jl j —«j ji~> ji \j xljy <yJ jl ^ J niA 

JjjSj Jai> ji l) Jij cJiAt ~Xj_)l C—J4; jS"L* 

l\ — It = °/0m 
m, = f/°Kg 
m r = X ; ° Kg 


1 o'jij* i 


1 LT^ 


* ul-» L yj aS .» . iL 


iU ^_y 


■>J jy 3 J tr-^ J 1 i 

L* ^[r; <Jjyx> tr^ J c?l^1, L ^Ljli <^U b Cf-j^ 1^1 

r» Ijiljtl Tj.x^j\j^.I m = “/“ \ Kg.m T 
j ,J = f ,m = ^ [, J£_l jj »xi »jb jLx; p ~— j j [NA] A - *. 

L c^Ux— (^jLJx* xx— x.L- t„fbb ■■» ^ ^ 

iy_\ ji <ylr^ (^[ir 4 <j\ji fj^ ^p ) •‘X—I x> re , — ^ 7 ° rad/s 

dcr*" (.r^~“ ‘b p ' ---- 1 

yiJj .x.Lx^ j-i- (SKg.m T j fKg.m* ^ ./ jL j* [ r<:) ] 

(^IkX^L— ji p. ~ —-—■ .C—I T] — \ ° eXX>-iX—— j i/ m = ° /* NKg.m T j_yjj 
P 2 ot .^jb »Ju— ,_fjLJx. (_^t>xx— <4 *jLj; jb-^b X°/° j «^^/° * ^/° 

Xjjl C— iX CJjjb’ (j J ^"p Jjjlju J ‘XXS" jl;;*' »Xi -»■■--* »XliUjXi" (^[^» [; 


VA 





.juwL J^ 

JjcjilrJ jf ^<ib .L-Li^i *$ Jjk^^jA JL*!^! i^ji1...4 L *^l-»L ^ A] \ ° “^ 

(jjj L—J Jw« Jg> Jk^to ^j j i l l . ^ L .>l*ul 4 Zj ^^jlaj 4^*) Jajjj 

,ix 6 xi*cm jIa*I L £>jA L-t^jj Jx>[; 4 ^Lxw j^j .juiL 

.-Ljj^ 1^ w res jfjJL* i-LiL ^Kg Ja->J^ j * \ cm Jajjj 

N ° ° ° N.m/rad L iSjy*** «^» aZ.,.* ^Z^jj l> Jajjj [^^] \\~H 

jji>- uj re3 iJuiL y~p *b jy*~* fjp? jfl .C—J \Kg.m T Ja>[j •■* 


5^jj JJb \y* 


5jJj*^° ° N.m j rad ^z^-w L [ N A] \ Y~^ 

j^ N Kg.m r ^z>J t c.^L^> {jiajJ; •^-x^-j^ '^Lcr 4 b V = A C u-Lo 

• Jjjjl C~~i*; [^ jy** (^j4 Jg^jLlajii I _/l j; 6 -Li il*u! CJ re , jl jJLa . -XA -i^y 4 C~£j>- 

f^-xi-j^- »^° °N.m/rad ^z*w L iSjy^* [^^] 

iJ*Jj .c—I ° f \ Kg.m T jyv c# liJ .-Lj,^ J; Tf = A L uJ-^ 

(_^j4j^cjl!a*il j^l oxi u> r e* jI- lL* ,jjo^4 c^Sy>- 1; \Kg.m* ^zJ>J L i^L^a 

.Jjjjl CwJ4| \j jy^* 

jy» ^ ^ a Kg.m T j f Kg.m* ^ I ^ ,L [TA] \tM 

t-^-w 4j ji .c—I 7] — \° ejjjki.^ CwJ j ./ m = °/° \ Kg.m T 
aJl« 1 -L-L a.) . * ■ ,i ^jL., J Jw« -L .> o„ > ° N j m j\jJl* 4j da>|^ I flZ»I 

|^ fi- u j fcp j i - L.^ i^wA 0-Xw | ^*w A i a -L^S'i.ij T |^ {3 j ex jt$ Li^4 . C wI 

UiJ****^. ^ JL>“ ^jJ j | » Z^-^w 4^ -LJjl C-«wJAj 

.JJ^w jl aJLLi (JjLJx* *C—/j^U |^ ^-w4 ^Z^-w 

*-^1 tfijjj SJJJki-j^ i°/Vcm ^Lj j r° cm [T 6 ] 

t $jy^* yZ... : .^ ^1 ^y>-ji^- c - sL^a .-L(^^* j; 7/ = A L CUt 

-LJk^J (^Uj^L^ cJ> 4 * J; “/Tcm Jai j T°cm 44 (j^ly 

ajk>l.t.* <fKg.m T ^ \Kg.m r jL ^z^J ^-jli |»1^z_a 4 ^ \j 

.j^ 


c. 


0 Jijj 


^j L <4y*o |j ajiw ji m« 4 JjZl? || —^ — <Ssj i-Jxilj 4 m/ (j *Z^ 1* jj J {_y 

J-ax.^Aji [ l ylJ-A j jj—.Lj) PD J. C— • JjzS Jjlli Oj_j-o4> (. *— >■■> Oi} 
r j .V i \ (^L^LcajL* {£jjb \j k e*. -i £ 

/'’j.U"/ 0 -'VO/ 0 L ^ 

. i >.. : S jUi .1 jju 


jj\ j i^[^y iS-* r- 



© &■ 


rpv 


jL*j L (jj L>4mm UPDATE jJ 

^ i \ 0 0 Hz j, jjjli ojLx* .JuiJ «.)Ui«J ixSj^a jtf ^ 8 ° Hz j^L^ l 

:JwL*;L j ^^Jl> ij> JpiLw 


Ijjftme = T/- jUjtJuAijUy = (f°, - > \°, T° )ji I ,jjl A 

— <i o , T°) * juL> Jalij>ujw «^1 IjU^j.jjU^ iL oJL^ 

^A (^1^ . J uAJu As>.j 5 9° (^j^L t YiJ ■ rlB« 4i J Oj L-fc Aj .JJ^w O J.3 j ...* M j 

,J*jS Cw jUj l-»...>j< |^ (la^ jj jli-4 ‘J ■ •'*»*■* 

LT-ij** ^y. ji 6-Xw l*^ 4 ^ 4 >j3^m«4 ^S" [,^1 «JjZ^ JLxI l .T 

.Ju5" Cw jL*j \j ILl^ .xS JL^ J^ (V c •*.».*«■>) 




jfclo 


AjtJSLA \ _ N 0 

J‘jj~ a *‘. 1 > LSjyt Ss^ ^—• |r“-“'ly v-ij* ^ 'trt i J- 3 * j* 

(jiji C-ll j jA jl Xij; OjLt 4-1 ji" Oil Oi-r^P ■|T^J^’ V 

^U^XiS' J j xS'j_^JLc jj *klx»- .J^u jUj ; lS’jA iL-jA. «»xi »xj» " 0 iJ 

jjLw j j~i\ju* ji j-i a4uI il-cL <_-_£ Oil ‘pi-^iA fjLfj J~<a» ji 

^ c04 jlji ^ fr^cr’ L» (-Sj'^j-V, Jj^ lAv *J~ 3 *<>J ■^cr' ViA^ A 

.C—X jji cfl+^ji 


(^jL-lx* (Jjlu-4 ^_ji \*J* ij - -“ ‘ ; 1/Ai 71 jj jAU ■ fl* J i 

j-t ( J » .>.., i |^bJ (^IjbdJiLL* u-L*l ^ I* " * ■ *■*■* [> *XXS' J^-S* *J—^ Oil *f*i' 5 ^' 
ify-t C—i4» jjUc-JU- ji jaL cSjjL cA ^ j* *5 'Tl x N 

cfUjjL -^l» t 4— j 4■<!—J &i^—^jL —j jj>* 

.J_ai Oil J* lt’X) DoA^ •(rr* i (^‘ jlf* 4i »-J' 3 ,y* ‘ X ~V(^ A 4 ; t r'-“t-‘ .A (_A^ 
ji j jl-f.. - . ^ [\] ji jL (jX—^ Oil lr*^ • c “'l 

I; (jJaj-j-C .. ; ■■> LJjl-'ilj csj^; OjJjjLJ (jiju • 4 -~"l “A— [V »T]^*.|^« 

•[f] pAA cA"> 


^CKU.-J Xyj bl>u ijJ>L j 3 ft JjXf jltl (_fl^ 

Ao J \j ip!^ Ap A L A-|*>r Sit- jL~; 



J*U ifUjjlj aijci TV” 


jloj L j j-i- <^Lf—— — •/ Y~ \ ° 

L iSiU w5» iF~^ J5Ll jj •Jut »')!') jLu pi——/ (_jl^ *^1^ 

pi —..*/ L 4^ Jut J-*U JJ^ ^/J| ^-U?L j C->jy-& .pijjl C*.iQ 4/ OoL 

(^UJilu J> Ci)^ 1 ^ 4 jL«j l jJm!) yJl> pi———/ C^/ ul >jy-&^ \j /■ tfj,!* 

P tli 4^ ^L^-*!——* L <JulS^4 j—j*> jL*j L l*T cjIajI^I/L 4$" ^L^aI — —— t 


Cmi)4^ (_$J^ ^j*+JpyA LO^(J^ a> ‘ jl j(x(X* <JlwLi XXl pi——/ ji 

J^P 4,Ufli ^ *A J J 0^-51x4 JI 4^ i^Ja>- <_$L$J X* jijjl 

*J uwL< jjkL< cjlAjjjl JjUS* ( 5 ^ icI-jLaj ^J 4jI•..>^. 4 / ft^L/C—J 


Cf- Uj 


'jd ** 1 ^ 


(Jjl—JU (_^jL$^ (_gL< a l 4 jLj lO- ^>-1^1 

.cJL jlx ( _ y X jy <j\j* \j (JjSaa 

<J_j^ pftU (_$JL— ^la^ J «jAL4 jL^w* (_£jjL t ^laJj jib OjLAj 

1 jLj L jj*jC-4 LI 4^1aX ^*1— — —/ (Jj\—<^i>- £x ^j>l 4^uJo .O-njl «—>jJia-* jl£-4 

J JJ^C j* (x^l p ’ - -: -‘ r (j^^—l 4 r--' Oil * 3 X 

J *i/^ p-Alx^ *iblwl jl jl 3^> Jjllf j y\* ^ ,< “' w l 

• Jl^IlS* ji HijL*|j ^ 3 > ji j^X *!f j>“ ^J**w l^b-i (_$ [> 4 ] 3 1x4 L ^Xm. 


jl 


.oj ^ p—^i^x j [5 a* 

1^ p—— ■/ p«-> l^y <Ju>/L 4 m—/ b 1^4Lc ^ J a> ^ / p« ■■ «; ■ » 

4 J^P jjJ j*Uul L .pX^ \j jl (jlfJai *]a-^j / ji J pij^i j-i Lf i-Jll-/I 4-i 

.JXS^ »p—*>• jl$-4 jl C->jy-&*> iJxt^-4 4 ^ .a. /? l^iai 4.$" pX-j^4 

*(<yir^ CjiU- 4 ^ C^xX>^ LfJai jib jl/ (jl^ cri*' 

j^j- 5 ^ J-r*^ jj*^ lc^ * OwJ4j 

xJU »j\j+A p— m—/ 4^ ^14/^54* tJl—/L jbj L j*fc.4 


^^p ^-*^bv4 <Jjlli' (ji^ j^* jl 

4*A^ JJ t 4^-Ij j <i^w Jj^ j.yb ji 4i—M/j4* r^Ii 

jl jl ji l/;j ‘X- 4 ^ «XXS* Jjll5* oj>\* jl^tx 4 ^ lP jJ Ckt^ Cot U4lL?J 

j(-U p I -.» : -.> 4?(_5 jjL 4> ■p " . -_ .‘ ji (X^-^ <J' 4 ^ C (( J^L?!^ ^^IlfOjLc 

.C%wl 0 Jut 0 3L/C—/I tJulL ^jiajv ^ cJU ji <C —1 
p-fcl^ j /pjj^f^ft jl (x ftjLil jl 4 j A J—sal J* 4^) ftJuI p^.^X JjX? jx^ *i 
Jjllf {jrX) ji bc>l j3 .ijl —j p^J^i lj L 4 Ja> ijx 4 •Xl? Xlx ( x 4 oyk Q>\ 4? 

^Ja>jM.C J-* 4^ i^J-i -4 4> 4~.—) 1^ c^-i La I iXLa^i (3^* XjIaA < jx^ 4 #Xl< ^l J U 

.^X J^lx^ •XlS" ^ Ja >> J^Ll ijjlli* JX* 4* <CwI j 0-4—mJ /l^i (jiX •ix*^(X 4 iJi*^ 





j*U FV T 

jIV j* «U*wl*v4 lU^k« 3£fl*wL> L Lao j^> jI j* 4 S 

[/ 1 JaJ 4lt«J jliil . jjb^^4 jLL 1^ J!»»> » >■ » ( jjjJ 

■ . Aj 13 ^jA 4^« O-jL t( Lhyu 










rvr ^Uj ij jjc* j 


(>J L uiij jlitl) jl jliL'L } J-*k* J* tfliL-el >L5jJLr*l jl 

(j<l f~ ^ Ji-l p ~ »ji £\ (jjLJ-U (jJa*. Ja« jl ■* «« 

ijjt* * 4~...Jj <~ -« ■ i-5j jl olt T .nl L *S [» *" ■'“. ;■ »■' <AwL jjyj; 

,jjli*$J ul\jz* cJL>- j3 J; 

C—J (j^J- »1—jl; jIa* J .— ij^fO JjI*^ 


mx + b c sgn(i) -f kx — f 


(t-'O 


jl ji * 4" j I C^*-#l OjLp OJ'I* 


/3 = b c sgn(x) + kx 
f = x d + k v e + k P e 


(a-'*) 


<U—jLtu a jl L Iaa^; (j*l 










J* j u*j* j 3 fj^r - 3 jk <j^J J“*** ^ jl^ 

j i CKln.^l j i ^ l > «■ <TKk v-iI ji >Cwl 77zi T ji 

\j p *> .. ; ,.« j;l iJj^- 5 - jjlti n- w jj jl *alii«<l L ^5” J-ii 1 ^Ja (« * ■■■ : '' •• > r-<x J J^l *jjj 

.1 5 4j\_ ^,1 j*a oJl^- ja ft 

C*-l (Itr^ CfjJ Cn) J-^* 


r = mV 9 + v9 + c sgn(0) + mlgcos(9 ) (P-\ °) 

jjili C ->*...» j 4»XlS” j ^ iaa- J^4 4 j 4l~_<l_j C «.... i :3jU Ov ».... i ja J^r^"*Jj*** 

•ir- 

j J 4 % (f — CX f 1 -\- 0 jj * 1 - .■ ■(I O^Lc ,_J-L* 4 j 4 ^L%w|^ 

a = mV 

0 = v9 + csgn(9) + mlgcos(9) (Y-\°) 


c —'I 0~^ Jr" Ji^L* j~ ir- C—i ^ 
/' = 0j + k v e + k p e (A- \») 

B . Jj ym^jA 4 ■«»>Lao tiw->jUa * 3 j£JLj: tjjl. <a ai ■?. < ^Uifa L j3 4^* 

(X^ t_r“JJ ■'- —-; * jlr*J JXjS - ^».JJa naL (jljllU- jJ 4^ |^J;3 

jiJ Srrr 4 i _/*L. (jj^L tX^S JjxS ^jja <j\j> [> Jy (^LfJll^ ja 4lij ^IS*; 

: V. («*!^ 

IjLa-jJ. JJy= *S pjjl'y C—<34; LfjjL {, Jj4 4. C—;lj ^ jjlli . \ 

* f( y**> 0 \j Jj -1 ^ L^taij j a a 

L Jr 1 ^ C-w«J C«w<34j J»-Jj (_yj^ 45* t^ J aa* 4 j^ylajl 4aLCLwl L .V 

■(^<r* Ji - ^ Jr^J^ J u^- c r * 1 —s— *. 

l» ~ ■■• - •■■« ji oju'j ^*Uv- 5 *i3j* ix^* Jr 1 ^<jr^* j) 

JeX ji J-*ly 4l_-_)4; •(jJ-tal ^ jj Zy-J* (jJai-jji J-*ly 4?<_fj_jL>4j j&j 

l) (X^* - 4l—; jlx* 1 -£j >X)~> jjjii *[^A 4j Jjj Q.J 'bx> l> J-^ 

( *“'■•:" * J -*ili I ( _ r ka- j; ji J*ly C?J/. ^ C~-l ,>“ 1 ; 

■*1 dcy^ ‘irn (j;^ tx^ fr^r 1 un^ L tx^r^ 





JLr^ cf 1 t \ ° 

JC->- ^ry jl ijAL Ji^S tpjJjJ »-L*» 4jj^| 6 JL^ (_£l^J lo j3 A^uil 

<^L^L: j X jl £*■£!* L ^c^L** jli* ^l.c^l {m ^x^ 

.XS A, i .rLyu< |^ ^L<aA4 jUj,l£ tflfltJL- jl JjL j^U (_J ^ku ^ 

J*li jt>u^ »JL~ O—i J J-U 4« <C*wlj C^i 4> JjlA^ .cJL Oil 

C jj ly^y* \j (JjllJj' j^ili .( " ■■».^1.3 -XaI^>- (_Jj bjJ u****j>[a Z~ijy& LI i L»w I ft-3 LaI— wI 

F=aF + /) (W) 

ft j .aii.-a 7i x ^ ^LbjLjj (3 j tF* iF ^ ^ (_y»- i >■■»■** cjj^ < j.> 45* 

J^Lu 7i jijT Jamm 4 (_jl^ I^j j CamJ (^Li Ljjl q ^ jl i5" 4>^» . c ^.k! ti x ti 

i/ 1/ jl .iftT i—'1^1*1 /? j ft jfl jl5k> jl c*^> 

cJU j ^ Jj J-L* 4* 4" ...i jj (!"*■■.> t^J-J i |^yJk At . JL yOjAt Jo- I j {J*? ^1 Cjjy£> At 

<_£-W -M>* jjili ..XLftfc^* dJul5^ jJaI-l— 0 j JjIlS" J^L « LJ-^i J*** 

J* jij ^JT * A i 

f' = x 4 + /C£ + * p £ o-w 

U*jL <^Ia ift 1 ^«ik< L* j) I • A 71 X 71 (j» I ^ -- -' j> Lt A p j A y j I ji 4& 

71 X \ C*~£-y*t j jl^w* (jlia> ow^i4i A j F ,A^w^4 Jl aj ji L^I ^ki (jjjj ^ 


jaL# ^j^-yL5L (_^L a j j U ^j+iS 'f — \ 1 


.pjijjj <_£jjL ij\y \j jJil^-4 CJ^> (^UJjLu j J-»-i if J_Ol ji 


^~* ■ -j L j Jl JjyrtAt J <Ju|ftJuJ*UJ jLmJ j)| i^iA J 


r = M(0)0 +V(0,0) + G(0) (N\-\°) 

Ji-lL# 71 X ^ tfjbji V(0,0) ij*L LSjjl 71 X 71 ^rijlL Af(0) jl4 S 

At J?jtj4 (_j!a41aO- jl <71 X N (_Jj|jj> {j( 0) j j (^La^Lj w j| 

ijjL <^l^l.faa* 1J5 jISL <0 4 # 4 ^c—I ftju^uj ^juIt <{j(^ 0^ j Af (0) j.^c .c^—#1 ^J>\^ 

.-I0J0jl •JL-w jj y(0,0)^^ .*j\> Jl- 

fj»_\ At jjtal |^ (u-J»u5 J*£- iZtt\j» I L j) L^i^iki <? I j I yj^i J> 

I ^1 nft4 ^ L^L5 m* jl ^Julj L J-L* ^-*il (j*>\ji L •pXS-A*\~*\ 



j>Li J/lT W 

Ajw J~*U j^J Jju t p+>)j*\fj* \j /^(0, 0) (\ N “ \ ° ) iLj I; At 

r = Af(©)0 + ^(0,0) + G(0) + f (0,0) (\T-N•) 



•(_ y ^^^- 4 C$jj^ cJ - ^ 4 ^ 'C'—jIj r *~ " ~ C '*' ^ ^ ° 












rvv juoivs. 


a^^ J> j l 

E + K V E + K P E = ■ (\Y~\°) 

iJlIifjiai Kp j K v [^j «C^-«I (Ji *-— < Cjl) "*5“^ 

C^ly ( j e rf- 4»l^f-A»* jj^sAi J«flA4 ^A 1^ t N Y— > ■ ) 4]aj|j 

e'j + fc„i e 4- k pi e = • (\A-\») 

.c*jI <ju~<a iC~<l t-ii .ala jL- (\Y - \°) jIijJ j L *$ ^Jlsjjl <ij j* 

:jl JilOjLt L^T !y_ j ~ jl t ji aS - *ajla (jjL_w J/Va */*l q>J 

£ yJbjjl (j 4 L*j JLr^" jjJl* Ji^* i s^j Jxr“^ j?p ^ 

.Cwl ^ (\ 6 -\ 0 j (\T-\*) J-iljy _,a 

.(\Y - \°) iiaJ; L—/L>« ^aL* cSjjl; J-^* fj'S C-ja a_j»j |»^c . Y 

■AjS’ frr*!^ - (j—jj; (cf-*?-** - ^ C~-a) \j ijj <*XjI ja 

CJ Xkt olia>>k £ _ ^ ° 

OjJJda ja 4^ \j u^ji J< T ...< j ( j ' ia^ '(Jr 4 

. Jj|^aL-<3 

J«u *u«*UvA fj"</ jUj 

pj|*a £fjoji pf —* jjb iJslr-~l *Aj j eJ “ ,4 r^J i 

jjili |.U:I dj, ^fi jl*j i ‘-^j 4 J*p (yki j 3 i* ’” 1 :" ' 

jjiil j; a^Uj alj* jljJ^ nJ?jj; ij JzS 

D^*- 4 ij Lj 3j^ 4 ilj 4L^A LI iJLil JjZjl* (jLj jij* Lr*J* ^ 

*J^L-4 jJS” ‘jjL j-i .ijL* j^. Jal^j jl 1^ [j^^j 

jL- oL^wLw* fyj 4~wL*_< jj#U j-i L ((\^“N°) J-il**) j^L 

*3jL L i^»j^44, jL—> LwL>v 4 tJLl »Jw3 ? J-^a* j-5 j* j 

4# ^4i^bw) 4>*^A .cl-».4*l o-I-—i 31i^*l |*Lwl (_^i?{ **^ 1 * 

xjfcl^i- o^Li^l j-i «j£l*4*a ubi^ lZjL- wLt-4 p i " . >^4 4 $ j—^ (j^fy 

iJjL« 4 j 4 " . ...»|j J {jjj Iji Lf.yy J^~* L) 4 .-^ *[^ M 

cju^ jLtl jp-j ^La cj ; , : , 5 ' ^a ^1 jl cjI.jL a^>ji5"^ (C^^l 

jl J[r^ (J . ■ ; -- V^" J 3 ^ tS" 0 * J* *Sujj }»*< 

^1 jK ,j^* L I(jJ j <a^ ( _ r . ialt -,1 (j^Jj cilAjI^. 



U V’YA 


• Jj ^ LJ 4lwjjJ L J 9 & jx (i&a—L~>» *1/Li>-I j) jl£-« (_jIa4^L«>. 4$ c*..>L a* jU 

*.}L~.- j) a^ $ i4uwl^4 jU[, 15' jL^i jlji* ^U ^ 

L aSJ- i^Cwj^j jy0A> *LjUJ,U’ (_jL^L»^i _} (aAwL**^ 

j oL—L*« |»Uul_jl (_^L*j ol/l ( _ # -'j>, cj!* - j j-'(_j-* (*k“l 

• iiiLj 41-£jlj J_^Ll5"Sj_^>- jj ,y?y <_jl> j[)jI jl Jjb <(Jjl J 0!*'.>~ *Xl*I jJ_y 

jl _} iji*^ ^1—ilk (_ji>4]ibw *> cj~ „ • “ 1 ^ l4lwj«jlj ^y>l»J ■ |*;' ^ 

• C —i!nr* ‘Lfc-Li J^v. j (Jjl-iiL * t*U 

A»- ^51 »C—I i_j(l5^ jjjl »3 jJj>V 4 jl jyli- iAl—.jjjlj ^yLj JjUS*Aj>^ia> SjL jX <l*>o 

Xjl-X. [f 4lwjjjb ^yLj p-AliL jl Jjl* dj*~^ 4 ~2 A j J* 

•u 

j-j jlj*^ C5j !*•*->* UU [p 4lw^l <^Lj JLr^j* p-fr 4 c$U-*JLF J 

aLL* *^L c 5 jjL aLL<* (ji\ji L a>- jLa* 

^ ^yUj JxLl* l-i^j ^IS* cJL- LI »|»-*-i^ c^Sj* 

y jjjjl O—iX4> *\j L^l> *|»lp (.JjjL jh jX 4$ C*—J jl C-Xt .Cw >p l-w.*. « 

jl ojlfcLJ i^aLl* ^jLj aL<?Ij j <aJjI dx>\j£ jr~*L ^ C-£j* 4J3IM 

aS* j ^ ^-wj^b y>l>j (_jL^J-L« ^P->- L- .c-wil j^LlxO (_^J-Xc 

LI ♦p;* Jj^a j3 j^ L (^LaI^L^ ^jam jl 

6 * x J*l_^ o^-i- ‘pip jij <4 ~ W J^^ (^Lj J-U ^jli-Lw c s[/.j$\ 

.Aj L }j> Jjbi^>> jX^J«4 ^Ly j^j Lj Cyo^Aj L A iL yj^ ftAw Ali-L/ JjJ ‘ 

i.“jji-Jiifc (^1^ y+ A . * J «Obwl kL»lj Jj 4l*vjj-jU j^Lj jJ—Lu a5^ <~-^a 5” jl^^* 

•ijjl LSjj (_A* JwL i^JL4 (_Jj4 j^»j jA ^»[ ftjLjX 

j 3 j 0 J 3 j»LJ 3tj j L » w Cm&j+m L jJ^«^* kiiL^Li a^ ^i5^» u&jj cJU jx 

• C— J 4 '• ~*jc^ (^Lj c^jAj (j^j * A^y^Li 


‘Jj^ J- 5 cr^J^ J-^ c>—'JL* Vjr*^ silil—I 

[ ^ ^ 3 (_£L^xIaI L jSc^Jj j »X-^u^ lIjL—.Li-* C-w^w ^j*i .C^—il e-L-/ ^ 

« 3 jL jlji ((£/*■* ^Jj*- J>b)) jJ j^»L J-i-* A> <C—yij C-vk—i « 0 ”^° / |*Lvl 

^ A l ^ I. Jui 5 ^* jy^ 6 L*** ^j>l j L. j I LjJ l *-^! ...- tjj—. C-^ L- j I fl*-S*w )> L £> lj j ^ a 5 * 
.$jJi 4mwLu v-^i a I ^1 L j»iL j^L ^^--*Lj>x Jw* eLjl T ° 0 Hz 1^ (_jjL^*a>^> 

JjIL? Liy] ji . C ->...1 #^lx jL^, \ 0 > j3 13^i jISaj ^ Jj*^' ^- ■ ^ ■» i1 

^Jk>-L (^I/jam Ail>- JI jlx*^ 1 * J»* iijL j \ji }j*m Aa1>- «£7jL-)> jX ij-i-* Aj 

Jj-* Aj A T ..«« J j (jUJjl " ,*S ^ iSiylf^A k_ ij~& L»j^j Llla>- If, jl jJ aS" o^LlLwj! ^ 


vs 



m 



•jj-- a 1L> jl «gjU»)> JXi *—C ^ .i i t Jj~^crJL> 


4jL^jJ jl 4 j ^i4 !L^ <aI 

Jii—j jl J-il5"j_ji5 4j \j L*<JiljL« c ~—J jili i^ - \° cAi/ 

J 04 I -1A I J»- l "-“^‘ £j/h j ^ LtaJfc- «JjLiw i ^“ ..■■ j ..r ^1 (_^LaaJj>Ia4 L .sS 


E + M~\Q)K V E + M~\Q)K P E = 


(\\-\°) 


4_X (_; L f : iaJ j ixS^* j—X <c _j jlx ijjL (jx .j jSw j-X L aS”c—I 

(jjUl SjaiJ itj^ 4. jljJ^ [( (\\“\°) u -XjI^ ji ClSj* 4 JxtLio W-s jJ 

<_fj_jk [) Out jl !j vi J^ 4 ! '~*i^Ji^ 8 ■ ^ -■■S' ‘-^i (-sifi 

lAv •■ 5 X^ (j : 1 *■ ( _fr“'^'* t™- 4 tyl? V J < (< -^r»» (*^4* 45" IJ-j 

4-X (_jl$_ki ‘*^l_Sj_yk | ‘•i <"X—<1 ol_j^ (_jXj jSsjj j~»j l (_;L*o^j LjV* 4 ~wL»v» 

.JujL*j Owl LlmtI 

j3 j iC-wl _^iaj Jjj* ^ « £-;t JaAA J>Xa t?” N ° J£w pZ_—/ j3 ^5” ^y 


3 ((Jai- £j^» \j jl^LT 4 U^i ^ (jT 4 ^^ 


|>15«JJ^ *e-Xw jj jj\lJL$ jjOIjL* ^y w .3^ A^-jL*-* i^jw jlcl C*£j>- a£jI jl ^j-J 

L ^-J^La (_^Lfise ic^vjP" J. _ w- A A* .-Li -ilfclj*- Atii L>- JI <Jj;^ 4 - 4 ^ji <_!> [rf I 

ji ^ij, tjjSjS* djJ* '} J>y^^ & ii>ji J jl jr* L> jk; 

.C-w*}IL jl L?Xr^ A^I_> j j j Ojli ^L-wL>t 4 aIj^a i^utj^ 

Ajlfji l dJUi <U^J L*u0 JJ LlJwU lPjj 

1^ ixi Ji-w. j JjxS' p T— ; .- “ *-^i ‘^ - '° J^~’ 

■ >~' 'I eiw »_^ - |i^ -■ - * jj |» " ... » ■ ■' (jjJ ji J "^ 4 ijk** 


,A/(0 d ) S il/(©) .V(© d ,04 S V(0,0) IxlS .X J[^j, j\ .U«liL- jijjl C-.44. ^ .\ 

r J.i / .ili_l F(B d , © d ) — F(0,0) j ,G(0d) S G’{0) 





J*i» <J )a*jS TA° 



\j £>l_y (j>\ jl-li* jl_y^p4 O', "' JaAJ i^aI* (^LfcjXjjL *S{Jijj^4t 

Jr* jl 'Jj-br j* Lf I <jy±—*: l; ^ >M *ty^ yy~*iS 4L_«^4j b «(_£\4Xj»j 4 . L ..«)j4j 

(^UbjIxJjL L$[/. XX^ ji^^u 4^»L— X^a j^l j-i *[ ^ Y] ft Jm 4.%^/1^4 

J<L_w<^J ■ i 1. - -.1 ^ t>^4 .J^ ^Lwi^u (<C*mi jlX. \S$J*** *—^-^a 1 J J ^ 4,. ... A ) L Jy 

Tl)° Hz l 4 Luj jlx* 45*^1 U* <X^L^u) Hz <*_£xaI L <Xwl 

•xi' J** 

l »X* <M w h *j ^IAjILqIjL CX^Lx^ |» X£ 

La> Ll —t j» Xt i (.!*,<..> L* ft jj j**i jt ft X*w 4^*/ bi_4 j} I i" |^-j i KSj^J J ^ ^S” ^|^in» 4 

Xj L* ip~,.. ; ,.i j I ^Xjl4 (_£1&4aJ^4 *jy* j* b ji3*i l j*\ (jj *<X —»\ Jx* 

j|^-i j 111■■» I Jx* jLi-L, ^L1 ■ i■> . ly^n iI i^ l$ »<3 ! <X>J^>) 

^xb ^ I *[ ^ f] jl jIxm 4^ x—^aj>- iCu.>1 

J C«WywO ftU'jl O L Jj L [ ^ > ~-I ijtX *XwL 4lX IJ 3^>» L ^4 L.^ j3 

xaI^>. jl^Xo «L^L-j 4_JkS" (_>j^ Jx* (^LajZ-4|/L 4> ^jLL* 

4^ L^X/b . XI ft Xw 4 Hj^S ^Ji> j 3 j^S (_£ Ia^ l)» I J «0 IjJslJ j X*ij 1^ 1^1 L 

.xa^^4 j--*; [j jjL (_^Ia4J31*4 i j\j»\ jl jj j j lj^*^ CX-O jj J^ (jfjlj#l 

ib (J^cr 4 ^ *^—1 Jiijis^ljtj;! j |»J>- (jx* i ^n..^ 

«^jl3 j\ji Cw3 j3 {£j\yl (_j' 4 ^“ - ^ .C^ijS _^1sl> ji «J \^lS j_yli Jx# 4> 

b ji^^ 4 J j^ \> >L. J*il; ^ J^-r 4 J 4 ‘cr^J 

|> b . ^ I iIa^j jl (_gj 1»...» U 4. .^Ipv< jjj^l J j>-\ ^aj\j <—^Sy ^Ll j> 











J-U c5g ^j m.j.H. 1 ji ^yJ&y 4 I j (C«..--o “■—'L ^1*—<jA> »J— 4l—b_^ 

.JCi^ Jli-il *UJ 

«4iwj^ jL«j \j Owl jl Jb j^- cJU 

J> 1^-iLllcl (_jlAj^t-l?j| (Jj\*j> A“ \ ° J£w jJ Je*> j 3 jijj O^j L< I 

t^jJUxL {_jLj^iLiJLc I £j>l ji L (^liai- 4j-ilx* .Syh^jA ijlj oLj^j 1 $^^ LrtM 

JjI^* O—34j (jXpf 

E + K V E + K p E = M-\0) T d (T-\*) 

JiL-wi (T°-N°) SJ^Ll* u*m> .C^wLf L ^aa 4 (jlj>jbji T<f jl j± *£ 

(jl^LfiaXi S-if jj J—<a>U j3 ^jiLllc! 3 j»-j 4^ Jui j[y^x O—i[j Ojjl bl ‘Cwl 

.0*0 (j:^iai j jrfL* M(0) oJU jh *S O—l j] oit .xS^jA .iUaJ LLaO' jJ ^j-5 

{^Uai' j j^y^« . Jb JO- «( Y ° *~ \ ° ) rfjiljLj 4 jL 

i/ 4^-wbvi t j*0 J; cOjL ^*iLllc| J> »Jm Jil^ul <_jLL cJU {.sir - 

E = K ~' Af-'(6)^ (Y\-\-) 

iJ^sU 4*...i jlju |»i— jJ-wUc <_$jjL J-u <^ulo 

u~i>Li j-^ 4 1 M ( 0) jj-ij^Li I^jS^jA lJ^jX. j; jiJ «oJl>- £j»l (^1^ 

{j ^y*ilj fjjlS-. ji i^llxia. ^ l J L _^Lo .O— I <M(0) .j>L 

J-U ol^l ^b F(0,0) J .6(0) .F(0,0) uUiU L c-sv* 



• ijb (_j-^jb- ^plOX-1 j] ji 4$* (Jj^i 4# 4l*wl_j 5XJ^ A” N° JSw 












J*U j IS- Jj-*" * 

c '“ l AiJ iO*** * ‘J- 1 * J 1 


M(0) = M(0) 


v’( 0 ,e) = v( 0 , 0 ) 


6(0) = G(0) 


F(Q,e) = F(Q,e) 



‘Oils.^ 

Af (0)0 + ^(0,0) + G(0) + ^(0,0) 

(rr- n-) 

x5^< <UwUv* [/ji J b J^r^* j_y^ 

r = ar' + 0 


a = M(0) 

(rf-v) 


/? = y(0,0) + G(0) + F(0,0) 


■ ^'~ — ■ *-* tiLjj La^Lj^jL a5” jJU j3 jj L*.^|ju*w* 

^>1 4 * ■ ■■> j]jt* aJ-iLw L .Aw A* I|*bbl JJ^^t 

E + K V E + K P E = M-' [(M - M)0 + (V-V) + (G-G) + (F - F) 

(ro-\- 

Aj* y . JwloJ-w O^b jljLi *Lj.i £ j y (_jljfc J ~j£ -* C^iLcj j jJV . 4 4j jl 4$* 

(TO - ^ 0 ) ^L.i j ljjJ» *15jI(TT“\°) 4?4* <■*£ ^3^.* 

(_£ UjL.1,1 i_J ( i X" . M»j i Iaj«-j|jL 45" ^ISjA h_J-X>- Lfel in V ^ i ji u * £> 

JbJb ( T0 — \ ® ) 5 Juj^uj ilLwow aI^Iju ^AfLwl y \j j^yw (_$lAliai“ tftXi (_£j LJ Jui Lfc^-jj^L J 

.([V^ c ~*I LT^ i ^j!>* j*) -^jAx 4 

Y — N° 4 * ^w jljn |«**«*w^ tfjUL JJUu SjLji 

tOjl^l {J**** 0 \ ° 

|»bwi| lj Jbi Jbl »IaJ jLji jjj 4^ jm jj 

C.-0»b ji .4> L ‘~ I 4j^jlc 4 O L ^ J ^ymmS j«X* 4> ^ “w wlj ^jmmS {jy lj Sju-^-«J \Zj LwA L-^w< 

\S^* cJ“^* <■—>LwL^4 |*bvi| <-$\jt ^Jy* [£ yy~ yl\£ lj\y aIjJA 



rxr oju/*) 


•Aj* Je^ olt'iUal ij>. 3 |.j£ JJ-j*; (J-*^-* Oi-V*; <JLiL x^jj_ c~J ,^SL^ .l_-_L« 

*}fLi»-l *<—'Ljj jlfxjj’ jJy tr-*- uXu <>;J jl I <^L!^* i ^ ... ; .^ (_sU^[,L 

<«xjX jjL J.u U*jt J^*i jl Jilcij? ^-*. <a > ((JiLaZil 

j- 5 ^csI»jL*jL— i J_p5”(j-Jjy L [i ^*1* (^UjjL jj l$;I 

•X.’jT^* JjIlTiJijli ^ d_XvL 4jLL4 Jl lias- 

■'-'"I 8j —' jL—* *”Sfb ijSX^e ^ Xr - I? J' 1 

J~^ j* t*U p ID Jj^ 

'~*tr a j dc-^ - ^ cijl^bj ^Ll^ iS Xjb *c;jx^^ (_»-*—-^ csW^ju jl 

Vtr* 



Jii-L ujjijS* ii-ji! c^SjS, *L—j*; —• l^Li L juwI (yLju .j[> c-il oljy V\°J£j 

♦ C «■■ - ! 6 «lw 


1. Adept Technology Inc. 





aUjjb 


jJ c■%..»! yj~* ^ 4, “* « <— ■ %■■ »! 7i x 7i ^ji Lm ^ i *0^ ^ 

t'= Q d + K v E + K p E + KiJ Edt (TY-N-) 

0^ <LfJU- (jjL—■ jJ .j;IcJJ es^I»i csLfr*—i^L* Ki j <^"p ,J ^ j^j 3 ^ 

C~—i _>l .oL _v JjZijl lSjW; <-—‘^ jlJ; ot) -^tS j>}j> j 

(_r* , J-' (jiju Oi 1 ,3 J»- J 3 J- 1,4 * 4 -—:!} 

li]/*-! tslii V~^ J.r“^ 4 '^ J ^ ij-» ' ■■■ : ■ " J j* tJ J 3 Uj ,c ~-I 4J ^‘ 

jl SjLjJ ^ 4 u^v j* *$ jlr* x'jtj < -^i J' 11 14 J 3 <(TY - ^ ) “tiajj; 

.JLi 


(_$j L>Jil«*i <fUl j! . L *. .. ^ * fliL-/ i J \j*S <—-s-J ^\ ^6mm*P jk 

.CwLlf (^L^Ltfuu c*Sj>* j» jJ- rt o* jA 1*^1 ^*1-^1 

c/^J^ ^ Jj^* a5" (j>\ 

(^| y** C->jy~*2dj L^JU 4*JS I j jjtt l. nT fc1 4> i^mw p.. »w.» i 

J* \) <y!/*V (^U- 4 ‘J^- 5 i ‘-^J^L-* <^!/^ 

pT.>■*...>> »jjL (_£ Jl»- (_^L^J 1 j <_>Uwl <^Uwl oLjj C$ 1 — iSji^j 4 

Jj;l <oL_3j ( _ J £jl£*i oLi)^-.-*; 4l —i iAl_ji- (^[i-* Jy L (jtlx* Jtj 

Ia» juL t-T —. j 3 . 3 Li j •—> L jLf 4 ^ i ^ j j * -U-w L c -i.■' I 

.jb^jt ii^j £/ j 3 ijjiLi^»> Lz :fc{ Lt I £j>\ L c~~j^^oj jy "VL o *S ^*( L |^ 


^ O^JT 9 !’ (J"^ 

Cvxij (jtz** j* ^IaQm" 3 bwl ii»cL ioLjj (_jI*aJjLk ji u'It^ 4 ' l?L><iLw»- i^LvI j\ 

jy iiL j; jj*b j 3 t <G(0) J-^* '-5-. ‘O’Ljj jlJxi^jJjJ iji*j> '-^^(j- 4 i_^j‘l-*>'l 

Oj^ 4 ; J \JZS Qf\i .Zjjy~o ^.1 jy .(/3 = G(0) Li (_JjlI?jLj jy |_^_) S,j$^y 

-‘Je* 4 J 3 Ji j 

r' = 0 d + K V E + K P E + Ki j Edt + G( 0 ) (TA-\») 

( X A”N °) aIsjI^ .Jl^L 4j <c^wlj i x *■ 5 * JL-* 

✓ * / 
i b JlLLS jLjL^L/ jij^ JrfL <OJjJ 'j\$Aj rt a ♦ dj -* O jy^pAj L*J—I; 

^1. /at .* ^LAeJjjU^ (_^L>- Aj (^loJkljtajj jl L « j[^jt ^ L . tskkA jJ;** 

.a/ eiLilwJ *3yl4 



TKCi J-Imj 


o jcjJT Jjiif ^jL^oL-j 

3jU ^L b*jfi L$[* L$^l> 

(j-^JL/ C^^4j oXlS* ^t a> j jJjCL^ JjUS* j^»l* <-£* l b*j^ jl i j+-> .[^ftV* ] 

L^ii ("i*** iC^f^w ^bkiUj^ jl ^-ilj jjliJL^(^I aaaJj^ jf b^j^ (_j|^ J|^aX 4 
olc^l ^/Hk.^1 (^L^J-U ji c_-icl *xzS JjzSj± .c~J ijl$j <_sUaU>- (_^jLJ 
*.)Lw (JjjL I; (^aI? .C—I ci'lSJa-^?! r^w? (jjLJ-U l^j 

jl ^-ll> o|pl a&I jjJ* jl^ [f Lajj^ 4 Lfr- J ^ 

(j—ij-'L 4 Aj^aJ t[NT] J* i> (j tfj?? 

jijjl C-%—<-*4j (jjj, |*J*^ O LwLpv* }\/\ Q l^> jl J* 4$ C^—<1 0 J—' {^J* 4 

.c-*—J \ j ^L jl CJi LI j»L^i ^j>- J- 4 ^ 


^jiL c*jL»k V - ^ 0 

‘(_^-*^ jwl; j <jjUL ^ (^4^ Jjk*. b L Jj"^<- s U - ~.:■" ' J- 41 * 

A" ‘(j“vP I^‘ : “r' <4* C/J tr“sy “ c —i 4-^ J t^iUr-* V~- 3 V! 

<jj|e-lw a» J ^JjU«*4 (Jljjj J.X* 4j 4T, ■-» |j J ^la >j~E (_$fo JjH5* 4 i L . .<j4j jl (^LaaJ^Lj 

„ - * 

^ *. mi pjtij L <o-JL>> ^1 js ®Jt*l t"-»..i^Aj ^®15^ aS < " *■ ir ( ^jl t—Jx - -^j ■ ■ * * L ■ & 

j-i- jjb*j Li Lfil l i-UX |>L~I \j {jji^uLjf j (_£jL»JIl™* tXsS Jjl^S^\ Ul .C—I u^- 

(_jL^l^w- ji ill •ys' ^—; jli* p ' -- ; .^ 0 Is j I ■ jAi (*^1 J- 4 ^”^ Li 

jy~ li[ii Ll L^XI (j<l J 3 , C 1 ■ ■! I ^^ l^w ^ L—~ \jA aj _j L^yL jy~ yaj».j~c 

jLSi ^yki-j-C (»A j L? ^ 4 < : . ■ : ■■■' is\t (** <& (’T*^ Lij^L 

■^tx* 

J >_j kljj_j<-s>i jl C^Syy- a]^Liu L, ^ at ji i.S'liia^l til)!- 5 J~’-(*J J T »il~* p-- —_ -“ 

St j&t ji i C -» ■ ■»] 

mif + bx + kx = 0 (Y V \ -) 


iP 'Sjy I 


u = 


—mi T + -fcx T 

r r 


(r«-\») 


jli; I; o-Li Jto cijjil |»J-^ aLja- j (.x***^" t5j>l J^l aL^>- jl 4^ 

. C -«..»I ,s> L C^wL*) ^jA^4 tV ^-w ^Jj^il j|jdL» 45" ■Xy- S > 



_>»Li (jUjjL JjiS VAP 


pi JJ^LT 4 Cw34 ! l^’"' 0 ) *W~jl 4 If p- " >‘lijL/l jes* 

v = mix + hi (f\-\°) 

4j-ui; .(r\-N°)^ (TN°) jl wii; jIjJL* j*b j\J* L 
v = -bi x (rr-\-) 

*uJ^*a %..■..< u***' \b > ° |^j) c «»%w j *jI_}*a *a£*Lj»- ,4 —•*jLjc ^jpI 

U*+>j> jk FjCjI 4^C«*_*Lju ,jl-U (jil .3^w X = 0 <&»( t '^^{ t j A £»+—*$ jl iSjj *J 

aLl* jj (_^tt cJU L .Jwlji 4i b jfj -AI y>- C w<i jl (_$jy I jJjbl 

p~wji j A>ul^ ^ *p T .«.. M .».i / <^1 ■ ■ <o ^ jy ^ ~ 4 

kx — ° (rr-\°) 

L 


x — 


(rr-\-) 


^OLt^JjUP t(Y^ — \°) aI^Ih* (_£jjb p ^ - ■.■ * .«■■» *& pj-il-i ^Li«J <(_£jjsl jl o^LlLm/J L ji ^j>«U 

<0 tljf* J-ilfc ilajb i(^jb a 5" (jjjJ jA L *Jjl Ja^j^ jl 

4j jl oiL* ^Jb-4 ^J*JU>m jl (_$ji^jlj oLI ^j>l .*X*J JaIja- jl 

jlx-jplj ) .Owl o^U (L) |*ji yj L lOy^L! jlj^U ^|pJnAp> |*b 

■([^] ( ^- 1 l? 3 ^ r*>jj bj> cr-JU 

cJjl-'i'i j(y^ 'p * ■■■ :■“ Jt—'IA- 1 J 3 - o)^. ^£■*—1 ji -O^U <^jt) 

Omw l«I *C—J 0 —ib«4 (j~** t$[/. 4>- I OjijjU .3^5* If jl 

(_^jyl a5” j j S ‘^y »ja,> C--I— j-iAi p~ ...^..> L 1^-X5 /L SjLjj ^jIc1»ILjI Aj^S^-A 

tr’L^I j^cr*^ (*j"^ j^j i ;) v* ""-" 1 *i <jiLr*Jij 'i3j* 

> Uj Jsii o^Lij ^_L : . . j_^Lc j csjUt £j*j C -s..O tp . . aImw^Aj 

jZi^ ^ ^>- j I « C -S..> I o jw*» aIj^j ylsu I (_j j^j a 5" jl5"ji <z^..' I ^jf*w*-* jUl pi.M.* ■ <• ■•< 

-Jaj» jLL i ^■ jli-> -«li 

jl tfjZjj jj>l .c^-l J?JS tpjJul “iL Jt-4 4jnj| jl tJiyylJ 


cijl-^^i err* iS ] ji 


!■>,. a". 




jjJ al.4 a* IaiIjI ji .-iijj 
jLw O jy -&^ j; a>^ lii ^J IjCjI i(k—^1 is[/i <—'LjjA* L) o_yjjLJ (^*yj 

[N V ‘ ^] L^Lf^-r 4 J- 5 ‘^Ji^ {J** I j 

I eJwt »^b j^w j_jk<U 



TAY (JjIjjU 


/I y_ J jjJ-S" L j^b3 *Ss[aa <_£j[JjL j»* is\ji [p 3 ) j I 


X = /(X) 


(ra-\°) 


(J^Ia^J^Ia* -X-^5” 4a^y .AwL jjia>*jjj^ ,/(’) J *1 T71 X ^ jl j3 a5" 

^... w jjA>-3 (_^ La4J^1jc* j I C »*\j j* j) 

iSjj *I JjL *t*j_y_j>LJ |*-~-“r^ il»LI .C-«t^y (FO^N 0 ) 4 j Jjl 

: >J 4* JiJ L ], t>(X) fciL ^ 

«u( °) — ° j-^j Xjj»^ii4 4-15*c^|^4 $ 1^13 JjL v(^JC ) • \ 

.t/(X) > 0 

(^b —/\j j3 4 * LjCjI .jiwL ^ 0 . Y 

«< “ *i« « I ^.I 

l iSj ij L € (^-*~ (_y -ul? ji L iiS^ j 3 L^j *—- v ~ > * J 4*^*_} ^ 

((-i— jL i «^JU lj lSo ^L d^ d.'wwI jjI «L?i-oJ j i ^.i «4 6-ii»l .i a*. i.iL ^.iL^? 

Uj jIJjL t Ajy^j .Jjl-4^4 ^jL C*vL L tJjL^* <C*wL< Q*a* 

• C*.<J j\^\^ lL-JU jli^i ojf-wl 

■ ^U*j j A —& j Ji^i L fj I Lv* ^;I^4A j l^y ^jA «JlwL jSu-& j I j*-*—' LL * V^JC ) jS I 
t £j*Aa ij 1^4 ^ 3 4^ i I j Lm*> ^ ^ ^ 4 lJj;j| LJ I ^ l^" jj ^ 'f' j j. - ■ - - & I j J Im/^I 

oLI t5jl-i>L jJ_y(^ i(Jul5" ^-_y tfjl-* 4 j) 5** ° ^ L#^" 

(^L aS" 1 3 ^ LL LiJl^- I; — 0 cJL>- iLo^l j3 ..> J> 

nJ^jJy, v(X) = - y^j i ^ U a ji C-^-.J AjJLLl* ^JJ* p “ 1 1 " ■» Li -I J I 

.(j_jJ, iJUjX*) 

lj *>lj «^(») jl ji [yj J bj’v* (V* ^ ft ) ilajj^ L tJiJj tjUtfjj ^"--- 4 

*C-w#l ^p*4_y 4j t_j*}j > C 4 > .. .1 jl 

'*JJ* (jjl J~~-&. '- J ^'j 3 r Ls[>i ><i"l (jlaa-j-C jj t ji (_jl4_ll_l jl4j ^1 


f-\» Jli- ■ 
J a l jiJ 1^**" r“^ 
(r?-\o) 


1. LaSalle 2. Lefschetz 




jtl, L<l*J jV ^ 


i - ,~ - £j,\ y yVA • _- W . ' .* jua^ jL— >Cwl c.*.■■■■* j^j.- * ■* vn x T/i ^ 

c — I >.j *i 

r(x)=|x T x (rv-\«) 

*■"“- ‘ft CfJjl L .0—1 Lf il*t 3 ‘ C -'JEJ ft (^J 

i(X) = X T X 

- X T {-AX ) (rA-\°) 

= -X T >1X 

b5u [)4j (TV - ^ °) 1 ji .o—l cO lc" (j— j_^L« ^4 \ji _j <o—i ol*j-c 

l|U ii(X) j^ij iAjU (jjLl p i . — — .j_j> (r^- \ -) p i—— ls}x ft 

■ .iiL jl>L X <ol^ jA j iAj— jk*^ X — ° jA 


A-\° Jli* ■ 


Jb J a * I ^^ 


*-tsr l^^- 4 


x 4- 6(x) + fc(x) = 0 


(^-\») 


•■ i '! <c -j- (•j- 3 JjI f j fix ^(Oj HO f Lr" 
x£>(x) > ° x / ° ab l4 ! 

xfc(x) > ° X -£- ° jt;U (fo-\o) 

pO?^ (jOj i, <-iyj;LJ ft 

v(x, x) = yi r + j k(\)d\ (f\-\°) 

Ji yh djOj <ft {_y I j I {SjX* .t 1 * L 

i)(x, x) = XX + £(x)x 

= —x6(x) — fc(x)x + k{x)x 
= —x&(x) 


(fr-\«) 



T* A ^ LJ 'j Ijjij JmUv 


£> (j\ji .C^wl X £»Ij Jail j C*..-^ X \jtJ iC^wl {j?*-* L*l v(-) J* 

iX j*~& j-t j* ■ ■* *& p-lf j \ \ . • I? I JjL (£/l-i*lj j> (^r 4 

J* ji JjL ti = 0 l|»T ji iS SJi’ SjJ lia_» fjlj, .(■!>_)--(_^~ >-**^*) «xi’ ( _ # ^ jSy> 

x — — k(x) (tT-\°) 

JU-4; X = X — X — ° C-.t-h jji ... .c»w) X — 0 iaJjLu £j*\ •—< 

■ •- 1j Jlx* j j oj^- 1 


9-S° JLi ■ 

Jj jS-j Jaj j3 \f J >_j {^L»a]jLm L cJjjl 

T = M(0)0 + V(0, 0) + Cr(0) (ff~\°) 

J s-^‘Jij J oj^* ^V-J 4 ^ 

t = K P E - K d 0 + ( 7 ( 0 ) (fO-\») 

c^^>- 4^ jtaij jj L i»xi^1 ^xiS”A d ^ lip jl*5" 
al.. ,.j4. fl ^.... * j! U>XB rtJaAj 4i J; jl aS*L tXS^^J Li" (J>* ^■■■■ « 

(_j_jL«v 4 jl J-^L» 4 ~ ,..i jlx j, ' .,i. _ i ... .xS^^ |« ;ifi’ i ■ ^ jl£-a b~l j j _j <c-j|jA j 

cu-i .(ta-\-) j 

M( 0)0 + V( 0 , 0 ) + K d Q + K P Q = IipQd 

* ^ A ] ij I j Uv> (jjlxL bjI^jb p ~ ,... ^ i.i j^jl 4^ ilj j s j j J b jLaXvI L 

.” ' ' . •['' 

jj jhj b >.J LJ low 

» = J; 0 T M( 0 ) 0 + ^E T K P E (fV-\°) 

i jFlp S(0) *J^)L LiJ J** "* 1 e Oi^ 



^L* cfUjjU W 

3 ylt^jA 4jN_*l] (TV”N°) diajl; jl fl ~ ■ ? ■ 4 L ..XlC-yl^ tf ll-i jil* 

v = j0 T M(0)0 + Q T M (0)0 - E t K ? 0 

= y0 T M(0)0 - 0 T A' d 0 - 0 T V(0,0) (TA-\») 

= -0 r A <|0 

i(T A - \ °) 4la_>jj j| ajL >>ja £ji j^- \ j3 .d-».»->Id—.1-4Lj (-i—iL A ^ a5 ^>b«j b jb-c 

J*3^«Jj jL^uI jt 

Y0 t A/( 0)0 = 0 T V r (©,0) (f\-\°) 

NV“P 3 b jLlj i[\ A~T 0 ] _/j^^ c*Sj>- <_5Ia aj 3 jUii-l—i Axillae L jl 

. ( Ju»wJ 

ail. I <w ^JaJ .ai L Jl? (( jJ)) ijJ~ (jliul L Jj| ^- ■■ ; ■>•» U ^ p-1?^ 0=^~ 

jl tJuL*j ^jb ji »—.g Jul^y^i iC^w-J 0 — 0 ^ 0 — 0 LfljT j3 4? ■■■« tft—J; j-i b^l V 

CJL^^jjI j 3 4? p^b^j j3 (fP”N°) aia;^ 

K,E = • (A-V) 

^LT 4 4j ^ ,C ~^ Ltf^b ^P j 

£ = • (A\-^) 

^-,ibv4 (_5j Jjj L t3jj j(5*4j (TT — \°) p “ ... s . ■• (xj/ (Tli — N°) JfjZlS" j^yli j$\ j* 

.C-ltrU JJkl^- 3y>-J 

[> C^bfljbjj Jr^ 3 CS 3 ^-^* - t 3 jb Jea jl jl *JlLj| ^>1 

^l? J i lia > ( - y* , i l b ® 3 ^ iJp<■<■ " ■ • » jl * • L^b^b J /‘** ‘ *-~l *“^ 3 ( i x 4 

I .Jjjb (Td^“ N 0 ) aJaij^ a> t 4? 1 XzS^jA a3 IaI L ^I <^>1^ L 

^jiili- (jbjjLj3 J \jlS jJlji jt {j^i$ <xb$Jli* t \ N~N 0 

^3 |^->-1 “-J_y_ybt aj^J^ oLI wj_y^Li (j*jj b i^l *S j^aU 

.[NA-Vfl] C^wl o3^ IJw ijly ^ybui^j 

,jj jlTi oLaju ^'-".y. w A- \ 0 

■Jj^ tpA. o;i J 1 * -(^tx* <yv" i 1 oL<a^> y (jj 1 jj 

J- 5 s'j* Ui X ~ a ; J* W ,3 i»tX“ Lr jC ^’ J s JU _;J 



r\\ 


A?*j <jil 

J. i-i;<a jj ^•.;.< t 

i«* a5" fj&jl *Jui oij a5" jAU ^ 

tfLfcUo ui* ^ ■ ■ w I 3 L . I ij~<aiu ujt-i J iC^^r-/ i jli> ^yLfj 
L j~~a (^ULk>- fj>\ j* 'fiSjS \j ^ ij^i* 6 JLr^ csUAjj 3 j>* 

jLj (^Ldi J-5 4^ <^JLl[) J L-Jjlia 4 (j-J j3j£ IXj 

^ ^ j *1^-^ i3 j!>* j* -^^LT 4 Os^ 

jl_y^ ^ J—^ j-> 4ijll>. . Jlf JL-*-> \j o L a T Jn j3 eJ«tcJU-tf3_y 

.3^ 4wm/L^l« (JJ^Ll* ^yjlSi Ja^-C-wl^ (^Lb j.j.-^ 4 L 45" i[| (^LiaJ (^Lbj M. . 

uJ p* 4 •- Ui LT 4 'j*b tfJL)^ jr— 4 JLr^j* J; iAu Oil ^ ° - N ° 

jl i^J-u£ ^jrf) Jlj34, .Cu~*l| u l /3A4 (^Lft^..<. w« 4~wl^4 (j;J^ t. 1 , 4 ^JjJkuJ Jlj|^J J I ft jIjlL^W I i J 

.Jut jJi* 1^*- e^lflJLwJ ipjJf-i J 4*jlix4 4^uJ 11*1 a i ^usAa y I — -< (jujj 

4l>^A •■» 4 j) Cwl jl^t3 jL —j / fUul j^j1p 4> 4$^j3 j m . u »4 

jJ jjJojLx ^1 c^J^j (0*^ oL—#1*-* .{^*L-wL^-4 

0 d = INVKIN{X d ) 

Q d = J-\Q)X d {MS*) 

Q d = j-\Q)X d + J~\Q)X d 

(jj Ub aJ 3 Ll4 j J a i LlL.^ I L 0 j *V y* Jt - A b * ^y-* [/^ 1 [y*y^ 1 ^>*•«»«■■«* j 3 I uIj L»wL^»* I 

4 L—«j4j (^3-Xt <? AA j I J »J^I^4 C-~*34 j l». *J ..^ 

a~j 1^ 1 ‘■^.j^'lj' 4 ^ w 1^ 4 *|*J^ ^ Jjl ^gL^l. ^ Uj 

ji . 3 I 3 |> ^JuJ L^O L L^l A$oj 3UI ^.■■ ' fc - ij ^ J y 



L J=— li J-^ 4 ji L r-^ LpJU ^ 0 ^ 0 

. ili f\jy\ A*j j (Lr U jjjU- ^mLmI jjl l)^y> >Jl 5^> J At . \ 

•i*iLii^i (i^mw jiAt *c_y jl olrtr* ,J >“ </*-Li lAx j:—* 








.(AV-\°) iLj, i_-L>^ <j\s. o 3 ./4s; :«iwl» u*^iv> J •!» j 3 

.JJiL .C_i|jj (JjLj (jj» klAc^llsI 4; 4? 0 _)L»I-» LP'X) J U'" '‘ -^ - j 

jjjl j3 iC^I oJJ* *ili jLi»i <Sj-^ Jl*^l C^l^i cSj^i^ C^il*Aj N ^ \ 0 1 

tili JI25I (jijlSi tl^LoUv* <t -'-■■■ (_jL*4liU-« 4 L—jj4< 4J_c 3 Li^A; ijjL jl&-« 

(_jl*llaj- j 4 „jUl 4 ^yj&i j&* l; ‘u^-« jl *- a ; • 13 y £j>) ltt* 

'jj&z (jLai ji ULki- L^I jj 45” i ■ Jaj l r* J^"' li cyj ^- 1 a j^y* 

•u^L, ^ .JJ y^>^* oJjlj> oL^W 

Jol» ji Jj jl JwL U^jjUj3 U (Ck^I » a.*.» jLl»> N ^ ^ 0 c^j^i 

.cj £ 

ir- J ^ 3 J 3 JjXJ L jlj?^ b jr *- 4 Ji -^ 4 

oL-wl^* Sj** 1 j 3 ^ ^- * j-> *S 

j\ji ((4jLb» Ji-b» j ij>j ^JJ^Aj) 

P*■ ■■«■ ■> (O[^j <c—J ^jlSi o L^ t ^« ^ 'i .4 (^L^p jl q> \ .(-^jb 

4i*ib cijb^4jj^j x*L*j i^J. ^ fl* j> ^ ‘ "1 * L A—;U-* j* c^wl i J—tf»L>- 

^LllcI (^L^LXIj j (JjIJjL cJt>- *j-*l ^1 *(^j/ (^[;Uj)«L*L 

(J'^j-fr^ dji~f 

eib jLli \t“^ 0 L Ji-i «Ju5^4 ^ tl^ 4 ^ cr'JU 

<5A (^Ua^- t 4 ^wCm u^j Jia- * jl5-ft L jLS-* j3 .Cwl ftJ— 

JJb 3 pL^tiJ \j ^ p■ « -^ ■■> _^l ^S i\j l b ' (^*jbb ^LiaJ ji 

i^l-fli-4 <_$Lfli »jJLrb ^-^^5 J^cr 4 ,Cw ^ 

^LajjIulS’j vj-^3 j* *&Q <jLii j3 (^LaLL^ (j-7^ .c—ilx 





T\T ijjS* OLckl j> J tji+Zt m g * 



■ jjA ^ J/-^i-rJi> ^ ^ 0 

* ^ V — \ ° *£ j \^S\j IaI I?^ j \j?* \*jjL S ^I . c».<■■»|^ 

£i>l) C-..-J * ^ ^>L)w Ot£j*«' ^jl jLw 1^ (^le-L^e^Lw 

.jlX^ jjjlj »^S’’Jj^i5’b jy |jijj .(cj_/^ jj ijJj'ix 4 b • i *l»^-“; 

<l ^^ j I j J » C .«...il »X-i e 1 lj ,jLw NT* — \ 0 jl (j^-54* 45* i 3 (^-5J 

<jJ - lA - > cr < c '*-'- 34 ; !> lSj vl 3 x j ■ j j- , lt 4 Vfc j - 5 | - S ^ =L *' j^y 

jl ojJl JUcI ol_j_, ,^1^ ijyy> * jfl & £*ij jj (jv^- 3 (jiijy o^jij 4 \> 

j»lj ji) lSj \j? j^y £fj c—ll$J L .xl ,_^IS LS^- *$ £[/u* j* \) 

ijiji i»xi 4—/L>v» JjIjm ^ 1- <a j>j (jIajjIxaS'ijjj jS"lj SjLjj[y 4 Lw)4j (^jIS'j jjl ^ —)j? j I '*y 

siL^jljJ %X^£ J^xS"[i (J;l ■■^‘XlLf 4 V^ 4 ; > - i “ (.S^Lk*- (j— 

CwJAj 4, £*bj J _> 3 J A *» i '+\p *S.£\j 1 JJub iy.j£b uIajXcS’ Jj^i - 

• LgjT Cmj 3 J_£JL-C jl X-, 4»- . |T C—_J 1 juia-i j-J L^T UjlxL j) t J~>- < JJj X .Xl»xJ 

aSmT (_;!•*• xj Ai iXjb c^Lt L is xsS ji ^j>\ a5”cXmL^wI imJL> 

cJU ji 4^ Xjjl Jsli- 4; .Cwl sXC BiliXvl jl "iLjij/ jl tSv*i J j 5 J ji’b jl u^i j- 3 



-• 3L^:Ijj (^jS’lj Jj^u-x 











Ipijli aS c ~I J>J&* SU£ (^iiL ji l|i") c~-J jilj; a~ij^ 4 jju!> 

|*ji i$lUi- (jL Sat ji (j A | w— “■* LK^ 1 l»r* 3 (x^r*^ 3 3 J — J 

1+1 j^JUc 1.1 13 ^jtjjl jljj^ |i (jiju a 3 j* ‘Oil 3 a=ta I* ■**!>*■ •■Ar^Ali—; 

Jl-<~l ^ ,i_w-L. (jU«_^j i_iUcjl l (jjL-/l.>;L "^Ji ■^*!a 3 '' ur^ri^’j c Sj^ ijbSat x-'!/*"'a 3 

.tjSj^jA |»U^I iCwJ »JOw B-sl-S jLw ^-\» ^ NT“\“ JS-1 ji aS ,CaC-jja (X^A 1 " 

(^l*e_^ jlji^w [*j 1 ■-i.jjpA Ul tX^S^ j\£ 4» ^?l ijji tX^SJjZ^f ^ 

.UeX^JjU^ Oil x^r*^, 3 r*-l; • ■>/ >wl~i <x*a CwJA; Cot 41^ jlx. tiLj-tai aS' yit 

•a^S - >_ jjl (jXjjJw y —»-x 


AjSX^c 1 J., 33 ^ u'-:* (j[*‘XsS Jjxf -d< jo cLa Z}*a ji ^ j '~ : a (_yL*eXl5^ Jj^Sji 

.Ca ~,I j»\a S^a L (jL^jXjjSw aJ^ ji jL~£j j Cot *L.j o^ 3 -* - cst* 4 * yA^" 

Lr ’"^ 9 L»- : -- w J ! 1 ! jL ^jISa (jbSai jA ULki- i^jISa Cjl-f-JU A 3 ^ jl 

Jiljj*- 4 j [, Lk»- jl '^a j i-Lil ^[yy xiUr* 1 A 3 'AA^i O^* - * “Sr^A 3 ^ 

.aaa cr-*^ 

^^ 3 a. ajL^> a 5*) J. ^~ -■ * •xz5' X ->ijo ^j^15a 

.cJU- o*l J 3 (_*!.> •'-•'•I; Cw*a fjljiXJ-d?j aj jl^x"* iJ"*^ »x^J» *. ...« 

L jl^^x 4 !> l^J ^ 3 { r~- a -j‘. ^ l Aili CaSj>- (^IfcAJil^ 

(^jlS'i (_jlAAJiliL« (jlji »A*I C^iA; .ili |*l^ v l 'A-i AZiS 9 | J_a> ji A^u I jl o iLoZ—■ J 

jj_Z» l_J_£! , - - - •»- ^5>~4 LiJ |_$L*a]^L|U .Owl ^jL-aJLA (jLjat (^lAAjiUj ^JS-1 Aj Aw jL-J 

T= M x (0)jY + V r (0,0) + G I (0) (&r-\°) 


X _j txS^jA ^ oLjj ,_^L^ Oj^v <jx> y. ^ c —*1 u~°j* jl 3 ^ ^ ^ j 3 ^ 

( jLa 2> cJU- jj ajjuI xiL .[A] c-wl o j*y“ 3 o^* »- i ~ 5 ' ( x a -^ L —a ^jjUj jl 3 x 

Aj A * . . j (^IaaL^. j\*j* ^(0,0) t^jtj\S± (J,"LOU jJ ( 0 ) ‘pi*^ 3 

.Cwvl (Xjli'i J 3 ix“l/ljl AA l- J r jl 3 ji j- 1 ^r(Q) A 'ix'J^ 3 Ofl-a* A 3 

»xz5 jj I, (jiwLi (jUaJjLa* j^JIjj"^ jo l^.l J 3 ‘yj-ai-. (jUa oJU XiU 

lt^ t#^^ 3 <-fW j ,3 a;) jI 3 a! ' 0 ) ^ 3L *- by; ■f - J ‘- J ^ tX ^ 3 { ^ c ~~‘ 


jl juL 1 JjxS JLc! C$1/ aO jj ixS^jA Aw-jL?w [^ (^y—‘<j r* 3 jI a *-w*Lwwjaaj aS" 
iJA^ ‘|t; 3 ja^ 3A ! l^r-\0 jl t; *^l jl '^- 3 »iLii_l j_j ^^Ij 

o!/ ( ‘j^ k J~Xaa (jUjjLli' Ji 3 j!a ifi 1^ CJxV “H (XA^ 3 ^**!j (^^’(X" 




no 


(j** .yj «Cwl ftXw jUfcl Jj~» <jj| 4^X1 L I; pi—~ m* Jil*Li 

r = J T (0) T {6f-\o) 

(jjLwJ.fl. ~ > " >4 j[ jlji *S <^jA '*£* j* 

.C*—J 4li 1 /jlyi jjL jl 4$ J-XS* **?y *■ i _J-* l ^_^ , *<^1 »<x£ «.iUl-*l 

l jir^ a Ji-^ * bj^i } « jly^ !/ (jU^w- bJzSJj^S ^1 jj * t ^ :r l^A 

i4jl$j^ <.,C*. AI L ^J pi-—-w j I ft ^ 1 fl l . <» 1 L j~t L*vjI j 3 (^Lja> CJl»- -XjI* 

JiLw* ftJllfJ^ll^ iS* « ^" ^ ° .Cwli? 4> [f pr ..»« ; ■■> ( _5^ c 

O 'jy*&*> w ^£-<*1X3 (^tAjl^jjL tft Xl J ^ JjllS’ ^j>l .JA3^4 jji—o jj sXlS’ j 

jl^I^TL il^ftj^ftj^L £j>\ XX^ ^j^li-4 . JlloJulr 4l*Xji jjibl* lS })L Jail jl 

4jlSjX ^1 ■ (**y £ &X1 iS JjllS" yy^ 1^14^-J -iljj^i ‘cL-^j^j) 

*}|l C^ir - ^ T * ijjiLticI £».i j <^jlxl j- 3 p-*J ij\ji Li j “X-wl V~* < ^- 4 b*y. 

c-%—/l^yft IS" (Xi —a jjL ji^-4 laI j ^IajI^LL j_^>* .pjXXijlj (ji—•*> L ° Hz) 

^Xj "VL-X*“ | V ^*..aI | ^ tjJjJu 4—-l^V4 (XAij^i ,j Lw l^j L <XnP j+~t +S L 

.[A] Sy Jjft[y* \°° Hz jl 


o 8 ? 1 - ^ 1 JLr**^ ^ ^ ° 

j^&Ai c-hJlcJ *jjbL« (_^L (^Ia^ »ja L— ♦ *Jx* a> 4X>wij ,J^x^ u-^y 

(JuwLj ^*Jal 4 ^All^ ftl^I—/i ^ ijX* *& . X ..-><■■ * ■■«* (3^*^ 



■ Jx. 4 j ‘C—Ij JjXi" \ t “ \ 0 JS-j 




.XjL ZsA J [r^ ' 


K r /f„ 


n r im + c t tHi 


.Jx. x ji_Jj Jij I5i ^ \° JSLl 

^Ij! .IjJxI J-tfL>- (V6-\ 0 ) -^Ju- 4 ir- 

Lr*j oe. jl t 1) Jj-* lS^a^IjI jjjli* 6 jijS'l-Lj <_sU 

iljXtw (j;! lsU o^i 1 Oi-^ ‘- Uj u^ jiA J 4 ^" 

■ C w I ft Ami 

j^llijl 0^ j 3 ■£*-"'I *•*-- e3 ^ 3 j 3 ‘J^-^ cj^rr^ l^JU ‘^i 



8 d »\ X 


(_£jjl J 3 (_ 5 fl _ - :^ ' eX15” \ ^\ ° Javj 
















^(j ’*J*~*tj r 4 <(-X* I C-w-j34j l J - Ai t £j>! j-i ^5*) ^ * £ - ~- ~j ij jJjlli" 

J-i-4 j»Uwl (jULL^- J J* l* J*. 

^J^u* •■*!* jrA 1 J- 4 ^ ^ 

•C*—J £jU- 4-4t5" qA ji * ^ a. r !a 1 cilfr*- ~ - ^: -**' 'I 

\f-V JSul L j>lllJi ^Li^L 4 ?c—l 6j-^ ^--ju ‘[^ i ^°] ci^r^* j* 

. JkA 3 ^4 ^ jj I \j 4j Lwi 'Jj jj* [ ^ T ] . C* ..I I j I Jj L If} [>■ *-2^ J } J t iJ1 -i 
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j-> j,if i-XA3 ^|A>Amo Ij L*j ^mJL JJ IjL l*T JJS* r l^w *5" 

(_jIaJLJ jj (_jJli-X>- A£y*^uk i^i ui? ji J^ mju <_£ jj Iai .Juwl# ^ji L { m f*~ >Jp (_^1aJuJ 

• 3 JLc I jj^iL$ r aI< w ja j < $ jj Ij bj^4 ^ |^LmJ ac_) I jjX y<. rt * 

£j>l jJ A*|i| j^lJk i£jjjJL4 (_$j b'^4 l—» L^Cj I (_f l^i * ^ j Sjlj* 

^L-l j iOwl «J-^ c5^-^* Cjzz** jj k 4 ** (j^ s ' ^ pz^is* u*j* ‘Jh* 2 * 

.Owl lS\jt \j fSj\j*** I < jtj > ’J^ 3 



jj (jPj T- 4X 4 j ( _ J * r i > (^Uj-i T“ \ \ JS-5 




j*U yS-ilS-* JjaS 


ji jyk-* id *y:y '-S'&b-el tfWjyr’ jl j 3 "<(>•*•* b ^**:y 

jly^ ‘obi j.C—I y^^L—. yy- ^1* .yijj yl -^u* 

jl J-oU- (j^tSia-ol cjLj^J X>*** **j£ ux* y"b* Lf^-fcj'lr*^ 4^b- jl t^Li 

Ujjji ,jil ji j .il*jL^ kjUc;l y&* Jj~^ cjU ^ •^j^lt* 3 j!> ybL*j, j 3 ‘urj^ 

.Xj ij-i** J JX?> a.1—«j4j hXj yLb <j ~' .. ~ cl J£—i * jl£-* t?bf 


VU JL. ■ 

iji-l .j;b y-j/j— J»-b j 3 ^(j5{ *-^i i) 3 !- 3 jIj* <-sLr* j^y 1 J^lr* *U-ilO T \ \ Ji— ji 

j] tjjj J, ^—w ..Jul .Jyjl (j-iL Sr^r cf»- c£i> Cat ■ c '-'l •' x - 

j] X * t .x[> (J-jL ^ly- J* - ! 3 j 3 u~y • • > ~ ~ ‘-! £.U>“ d’ - ! 3 ' 1 '- ^ 3 .y“y *- i 'l)*^ 

,.0-i ob jlti (j-L: jl -^ir* il.LLc «*r*j ul^.) ^jt 

I, uLy~a* ) {J ^> tfbj-i ‘tfZj* Cybjtfyljli^y tsU -^LT* 

tj\S cjj-L j |>1&J» jj I; y—b cjbxi j=^ i* ' * ”:- - 1 -b* 3 -*r^ LCi* 1 

u-* 

.(iJdl) T~ \ \ Ji-i _p .((*-jJI) T- N ' J£-i) li-^ 1 * cl=i *i l Uh) I' 

jl JjlOjLc yu_b LsLj-J ji j iC—,1 ifjT tyLal ji (j-i 

C F=° (\->\) 

j 3 yj Jj£-L' 1/ C^j"" “^b ylj 3 




t W fjj; JlA 0 olu jA JjiiT JLaI 


,xS^a CsSj?* ^k— sj jb** C Z C^4>- ji ^ £jl 


1/ = 


^opproacfc 


(r-u) 


-I ^k—* 4^ jXw £*+Pj~j Vapproach J* ^ 

Jjlibl Uilj 4&J Jel^ .Cwl • X~*j 4; ^ ■ U-') f- -NN JSLi^ 

•Ju^ -pr^ty* ».i*L. t .« I; C Z j* ijlj lSjj? '* b ‘“■'—'I »->til 

L JjJu*- ^L; c~.«.j>j i-^j (jliiu*; (^jI b c/"^“ v ~“ '* - *! »T jl 

Jj (J-L; (i— j) r~ \ N ^_--^ j5"l .O—<1 ijM-A? j I 

■cLita j[)ji C Y L ^X Jy* L j * c*Sj>~ cs^b^ C ^ j s Cci 

^■ .i-> ‘*y jjy JLcI ** jbw j? J^i.* L?^b^ J* 

•“y-'ty* ^fji J 


c v, = 


W t = 

C ^v = 
c /,= 
C /v = 


c n t = 


0 "-") 


(j-e Ji J tXlSij* <Js..^> y [> C J 3 C^ a “‘ *■£*> (Jylf—'i < Lf C-j ' ..a* (jUj-i 

|*i_)U u~i .X^S^J* ^- —^ 3 ' b I^ia— L £(-; (_r-Lj LSjb*/ tj^y/y b J" - 


C V I = V, lide 


c w z = • 

/* — /contact 


n x - 


(*-") 


jjSwISj ijUylj ji T \ Y 


vi Osi irj^ V,|»<ie J «C«i lA^ C^** J* -* -*j!j CSlIb* /contact $ J* ^ 

<JjL/ 

L <C«n..ii. .Cwl ^1 ji KS^ lollil «{^) r- ^ \ 

jX..^> j*£- ^jl j IjuL< tJljjwJ cJl> t) 4>bLwI j) jl yiwji^^ 2i c^> o^jm> {jj>Ll4 

j.‘..ju ^ ^LSw ^y u.!? (_jIaJ-J ^5" Cw L j k <jljw iCJL>- yj I u*a>- <(^ y^ 

(_jIaJ-J . JlT ^ .y u JjL ( ^ 4 (^1>-Li cJU* jy L# (_£y J^L-J j j j *JJ 

X\^j- iJjJu* ^*J» 



(6-U) 


^z — ^insert 

c w z = ° 

C f: = ° 

c f> = ° (>-\\) 



J* ob jLli i|»Lwj |^ .Cwl ^l/J—ji \L~f-j~, Vi nsert jl Jj aS" 

v~~ri us** ifl*»k»*J jl C Z C~^>- ji ob ydjiuicj 

■ -V 


L q j -» ~ ■* S Jj>L_4 L ®jIj^A i^h ib (_^LaJ»J Oj^i iat *j" C« <1 *CL$-j I 4» >_>- 

\ \ J I J \jS ji».L jl^wl (_£j L-J^yAJ J^ZlS' 45 * 

Jv^L cZ t5jj~> ^3 i Jin ji [, c Z c~^>- ji c^c-j^t <(jr)T"“ ^ ^ ,_J£~« *i 

v a f-jSts* j* \j c ft ,J —cibj— * * f^y cy, C<^U k •|'“^<_r 4 

■f^Lr 4 dr^i) C v z ^iJjj-0 


nr 


.Cwl *\ J‘ 9 ’ k y^i £»Uai b^ J -<£•* ij[f. Jjj/I-J q^j 

^ *- •*• * ^ ol^il jl < Oi^ jJ L* 

jjr* j^**. ^j!^ 4 j j* Ij C+.*Wi ^ -ix. oj^iJ 4^ Ijj^I 11-»-". 

• J r^! !> [M £*y *l+-A> Oil jl J~*si y*^ <-*li -[^ _ ^] *^—l LT*^JX ^*V* J J 

jjijj—(ji^< is^y JL^i****-* ^ — ^ ^ 

•(>—iJI)r- \ ^ ,J£_« y -Xfcj^y jl—* [) yl> ^wLj jl (j;y» cJL- jj T—\) ) J£_i 

yjy -t* *—* y^-k (j^xi ll xJI-»- if) y --^y c*5y- jI;I <^Lai y yL ^SxlSL 

_^"l y^3 jl»l’4/ bbjjjj iJS iu^lSlj (j\ji ^ta.„ J_j»-_) |»JiC 4; bij cJ_j; XJlIy- 

LI <|«y^ JZ“ K> C^lj 4»y ^j 4 —' J 3 if tj\ jl^- 4 *Xwtj 4Xi|,> (^ijjl 44*y i jl;L 

j 3 1» jjb otj* ^iL- (v)^ - ' ^ Ji-i -»j> fyly 1 ' elyJj c^>- y y Ljy JL-cl * y li 
yl^ 4 "^r* cr“* '0jjL iCJL- yly jLio ijl_y x ylfj <J_r^* j-* ^ : ■■■ •* ■ ^I> 1 > 

y-2y ^ v^i 3 tfr - jl W ■ 3 l i j=^’ jlyy* 4 11 jl j^ 4 Uj ,3 jI 3 jb» y^ 

.xi" ijlj jjLxS’j jy jljt- 1 “*; *^j 3 

J J ^ (X *i|j jL-> 1 - ^UgJ (_ $\y> *S b ^jJ 1^* 4 h . 1.4 4 \ ° J A (_> If' - .-~ i 




J ,x5 y cSj* j[;l (jLsu y (« —ail) LSjjl; .(_j-«lx (_jl^y_s>_) jl 4^JL> y f - \ ^ jS»i 
xbjjl c*Sj^ <c —J oX .xL—>> jly 4 j (1—4) (.sjjL^lx c_r*^b _ _ 

_ 

•Jr*^ U‘*ii=' **j(t;jl 4 ul -Lr~* jy.^+ Li,"? 4 i>; L> —'-“ LS^j/j V> Ly.1 _,4 4?4XXb ji’li- 4 ; xL .N 





L* jUjjl jj jJjiif TNT 


q, J*c j3 {w>)'f — N ^ C-.«.. j j j_j» .pj.3^ 4*JUa> .3^^ jl&; (i-iil) f" \ ^ 

J JZS £**C ^ ......* (_f Jjjl ol»ji jl *S" j* UjJ^ i Jjs' Jv 1 *^ J iV .JAi^ 

Jjlif J—a* {jil j J <C-ib j\ji Jj^Sc^j j&ji (_y*v! J ‘j^“* 

iJlJwL j£ j A»l?i. <■»»■* A*-/ ^ J-ilj J^L —J ^ySy 0 JiiS J j^S 


Ojb Syrj u*zr^ Iflx? ^ jjL J jr~$ . N 

.ijb ^ (^IaILwI; jjL Jj^i" »T 


tijLsI i—»j>-j-i |*Aji 'b j-* ( 3 -?* j-* (jjLii-} <^Sj> X 

•{C} 


efjLtfj JLr^ ^ ^ 

jl (^l*jlw jL-j C-Jl» ^ JH> _/3 l [> J J~% '•* (Jjj j> 4*Jlk^ i^ ,_]—<a* j3 

pi3_^ (Jjl—!-U J; ^L* (ji-j'lS-* (Jjjl «\° J-a* j3 (*J^- ‘-^i JLr^ 

(j<Jj-> -(J-<ai* fit i_£.lA (^!/) *3^ ■ J' 1 ’’"' 4 |*>? n Jj~^4 ‘ji JLr^^ * & 

<cJ 3 !^ ‘-^i ^ txVf j; J jb JLr*^ ‘l> is? <Sj~S ^—* tr-'jjt *ij? 

•p~^ ^ '^(jr 4 j^j» ^ ^ (^ X ' tS^Jje cr-v^: 

j » p ---^ ^. .'■ f pjb^> ^jLlL*j (_£^ olw jl ■■■ ■■! jl 11—^yCjL*i fc-S^3 j3 

>jS ^3 .^S^y* (_^jL-J-Xj ‘*- > jy* aA *. \j L (^L*j •j* ^ ,, < \ ^ e^Ul-wj tjl ia- jn> 

• C-»*l fc e Ja-^v» jjlii—/ j «_J_£> ^Jaji 

lS$j? ‘CKr^T^ J J i 3 <^“ il * J- 3 - - |*^ J j ~5 JL» 

jl '-‘jy* ,4 i 1> JLr-' Of) -(^Lf 4 p * ■■■ : ■•> * je li (^LUcl 

.Cjjf jlii j3 ijjbL c^jjl; *J“3 j3 l j*j t^ie' - lALe' 

^13 jJuiJLxl ^ di” C~ul i f e ji 3jlj iSjj? ‘pr*^ Jj^" pc^ij^ix* j~*~ * 

I S.lr! 


f< = Kx (V-NN) 

0—^1 £j~~*~ p" ..._■ ■ -- ^> I ftJwL^ t_JJ —-&y ^JiljLI 

/ = mx + k e x + f dist (A- U) 



J e !, ^3i— ^.l/l 

/ = mk~'f e + f e + /d,»t ('"") 

C—<4 d*?y L 
a — m k~' 

0 — /e + fdist 

^y^u* “—“y Or^C oyb u~i 
f = m k e - ' [/ d + fc^yey + k pJ e,] + / e + /*„ (> 0 “'') 

J. 3jlj cfj.^ ./ e j lv ._jUx4 i£}^ 7 ./d (j- (Jyj^ .ey — fd — fe b' J> ^ 

y_j < 7 ... ; j\Xi 4j ip-lS^ ■4—'l^-* [i ( N “ — N N) \yu* _4"1 -C-»—<1 iJa-pw 

e'y 4 fc„yey + fcpyey = 0 (\\"U) 

ji j 'ftr*- 1 J_r-^ d.y^ J- 1 Li ‘ fdist b*y <Jy4*y ^ 

J-L«7 LI ,^iS ^ji>. Jj^S jjili jl \j fdint wjLj: pjly^ .c~~J J>- J-Li (\°-^) ‘A^\j 

>k e iS ^I^ia jd a^j j4» idj^ £jJ jl o^ixLwl .2 jL jLw LL cJU 

.£*-*-*> I C-w/ L* «(c.- w -' 1 I LIU) t 

[> (\°“N\) ^ (^-\\) (_jUJ3lx4 j pjjl-& jL? Jj^ jl [> 

<buL» <j^Lj (J> ^ $ fl " ■ * ■■* j\j* jJk^a jt\j> jl cJU L j\J 






ej = 


fdis 


a 


^cr 4 

('*-") 


OjLc i_>L >-*j £\ LI ■ '-» 1 & e ' kpj jf 4^" 

•**!#*■ (j~»- ^ cJU <_jlkj- •ifjl .jliiwl (N 0 - \ N) Jj^S j_jiUf d jl <(f e + fan) 


e f = 


fdist 
^ + Q 


(\r-u) 


cjll ji _j Of iIlmI ) -J-iL C■* ^T—1 j^\ 

JkA^^ ,~.* 5 " ; -, ij ^^)jl (^lia^ l 4—^ Li_* ji i(\f- \ a Jw* 4 — j L^_* 

irr^cf* ■ a ^fr '"‘ - : J . l> jiJ Jj-^" ‘uM- 5 u?~ Ai ‘. 


f = m k e ' [f d + k v/ e } + k pf e f ] + f d 




4l>j ^ ^ ^ ) Jfj^^ j_yl» (jl ji 4S - (_> I 'C i j l_i_4 j ji y±* tf ^ ^ j$ 

flJwi '*"-■ ‘I 

Jb-UcJUl 

t ...4 4 dS Cm III ^1 Jjl ^. b . M> 4 ■ 3 ^ J* j\Sdj 4^*“ ^ ^ > Ju< D 31 LmJ 











cvC ^ L~ j3 lj uxs' X***-* •A a OjLt^; . XT .-.* Cvt 

,C~»\ jil; |JCS" JUi l> jLj jl ,y»;t xL tPjU* ‘J^ ^ r~> 

jJ/ jjL* L ^ plU t-Jil j; Jj^ j3 f d J /<f -P 

4«wl>u US - *^ 4j J jij* l> <—*1^1 L^^XC 1 ^ C^~-1 jjl *Z * ~ . *A} I) 

jl \j j^J '/« = ^e X W CS*«^ (j^^iLl^i */« 

^SLoI^j (jIaj^L jl -*» J y j iCu^I y-uLl^ulj jL«. ^1 .3^1 f e — k e x dl^> 1^ 

l^yu* tb ^~* ^**b J* ir*J J* Lri 3^ <Jj^*j^ Ji^-o 1 j^* 

\j J [^S hy\i 

f = m [k pJ k~' e f - k vJ x\ + f d (\&-\\) 

.C-—I ftJui 6.ita jLtJ V-> N j-5 *J3«^ Oil 
lZ+£J*~! Jj^S 4ii>- {j[r> L?3lL^- d$ C—<[ jl V - \ \ C5^jSt* JI 

jJ^Lw Jjllf ^Jy flt ^ *kvj °yfr. ^ (^5^^ 

. X.“.« Jfc ll C-Jt>» 3^kJ**jC- 3j~£j (_jl^ 

/t e ^ ^ / 4^ £ I 4^ C-^—') jl t3jjj C^jhl jL- J XXa^jA ^yL ^ «■* 14 

j--* j** jL*J ^ j «c^— a> Uli jl ji-ii-« L<i isy^ijA jaUp J \jzS jj*U j3 

3J j> O^Jiy 4 J *<L*~*\ L^* j3 /? Ol *la l L <—-J^J jto^* oLjj 

jj j Jtii j3 (3 s 3* C-Jb* j-i ^IL ^e (3*'^**' ^ 

.JuiL |*jljL* k c ol j*+MJ ^ \jla j J *S Sty^^jA jy ™ * A <Sj^° 












jlU yS-jIS j (jl*jjL) _>a t ^ A 


(_ 5 jllil— jab jlXJ ‘(^“'bj 153j? J ^ Cjlii Jj—^ jj<b jajjl 0~<J4 j jl cj-U jj^k 

<J—»» jj j) »XL«*L ji .C—J 1*41$* (j^Ji ja_^ J^—J (J J U ‘* -» 

j-LL. »L- x**. iS, Jib ji \j jl ) iCiL jlj?^ \j <_5ijL^ 

■CmJ jl—J"5lL c L JA*^jLr-' f* ~““— 1 ■-^i (j~ib< > J^t ja -ala A - \ \ Ji¬ 
ll ^ll-il Cjl/ ■ [ ^ ^ _ ^ f j “^bi q>\ (Jjj J> <jJa\>- JU- ji y 

■XI—> [i [\0] c4l—j (jdl 

JLr^ lT'JU ^ 

cxi^ tabl— I J_r-^ jl “b" [i (jijXi” pi——- jLlil— jj ji 

r^tr 4 <jj** 

{(7} b b—cfjjb 

_j ,y (_sLji^>- jj ^ylS (_jLJ —zju l <»ja 4— jjL jl j J “b" ii tsl*al— cJU- 1-cl 

(^L^iLitL ja } C—J 777 JaJ j jA p-lij^-a (ji/ 3 ‘(J^al— (_5^ Ja> j$ iajb A 

Xi I U_ia l+Laiu (_slgz5J=i- 4$ p-li^ t/K/ ‘0—7—““ ‘ J j^i_r* *-S"lSJa—si jjX 

a_j^t jbj SJL—J 4j jl 4$" ifc, ( _ f li— L la (_*d4 ; LSjV -CwllwJ^A {6 } 

J- 3 J ‘Jjr' Jj~^" “i f ^ _,a (J— .C ~J <J-Lr _p ta^X,^ £j~*> C 'i ja jJa— 

.xx* I, V\ ^ JSb: . rj la jL jisb- J^4, . C Z J C A 

-'ll; [) ^ 3 ' csLfrl-^ibi .C—I j-ijy i^jZ-'JS^ Ls r^J ib-—1 —'Ija^ .cJL»- (jj_l ja 

ja S V J—ul. X»-lj {jp- tjlj ^ J—ai ^,a aS <tL—j<L 







L JL* J- 3 


L j\Ss ^U t£jjl ^ ^ J^ui 


ojS\ .3jJ. J \piS f“ N \ »-J*I c^—j4j ^ j^J SAiiSJyi^l JiL lAiS*^ Jy^ 7 cUf>- 

c y c~f»- jj JU- j a 3 ‘(*~^ ^ AJ L jt—* >A c 2 j C A c?A+r j j p^Vix* 

■jrr^ JM- 3 i> (c*{t jIAjL* >t-*) <^J-i 

jr* ^ ^ ^ ji •*!* O ^ ^ A^^t ^ | ^ . A A j. _ «^*j (^j^ 3 jj A«J ^ixw ^/l 

jLl^L/ [j+Sjij ^jy^ *i \) (_^j^ LSjA JLr~^ A rr** A>1 «A_yw ^Ja-_4 

L *|^aA \j i- p^' ^l£-* j.j ■■«4 t c?- 3 [yl A»-jA ^A jji jlj^ ^ |*iJ^ - '( - f 4 Cv,^ 3 i? 6 «^-AJA“^ 

j ‘pdj^ j!a* jkr^ l <3y -V uA^a A^lA aJI .^Acr"*^ 4 Ak) j ?— 4 ^ 

j : - « |»Ia? tAjy* 4 dkj A j- 3 jL^-» 4^ p A ‘ 1 !; -A J- 3 

. Aw a* A- ^JLo3 

^4.w ^a LpvuI .a i^3 N ° ^ N ft Aw sjjj Lw ft 

<Sv ji j^o oAiiJJjii^jj jLSw* ftAi^JjZif j^U jUo L cjjjL 

.Ail©A (^J. ^a fl-a _^a <ci j jlS* (j^-j L jl£»*) JAiS" O^y *5 ; j *5 <_jLf—-i>L* 

*, !'»■-■ I ft Aw ^ jJL- ^y JI At I j I ^Ja > ^5* i A i .i I (_f jh l ^j.i ni L* <S ^ 

(j^* 4 J «CawJ $jp*yA A At *5 r j^j^L ji t^jli t^> a At 5 


Aa)^>- A At iS / ^y?J jJL-<p AAt *5 A$ r ^> A j J . $y~» 

{S^ji (_ji^' , ^ ,> ^' *^ / A L?A.Aw AAl^>- JL^r* <Caw|3 

,5 ^ tjbA *{C} j* cf a bi y <^1* gy 

x ljir‘ .jii- Jy^b jy Jy^ - vA> c ^—> *=: ij j-^i_r‘ »j^ 





Ja> i_i<1^*1 4» csir- 1 tiUUai^ j J&» 

**?J* cJ (_jl>LL^ jl tCwl jjJ Jj^C^C ( jda 


• J> 4jiJ^4 4_-/ ^ I . iA.«» L e J 




j* ^cr 4 ^ 

■ V-'cr* J *'- 1 


&* <y.U^ 


Y-N > JL/ ■ 

IjZtSlj /L.„.<^dj CY ■ " -*^ > - ji C^Sy jl j-3 ^ i A” ^ ^ J^““ #X-/ o jlj jl—I t—^-*—^J 

.Jk*j_jl |^ 5' _j S l> 1 "i ^3'^ t ~ > ^^ • ■• 
.5 (_,-*■ jiL jjai (_JJ_, jj jjJ tfljL j&« JjZ5" J;L 2 j A (_yL*4iJj/ j_j»- 
j ~»* 3 ‘A^cr 4 ^-''■f^ J j CS- j* u^- 4 Uxr" <—~e-\i m JS ^l j\ji iS* 

u~ij 'Ll ji ■( J&'^ij~o Y Ai ij* (j\x j?— 4 CS^iljy 1 jl •- 1 -*' ■**!}»“ CJAl/.} 
pjjji <u««Jlj ji J ‘■ i '.^““(_J'• L/Ky ‘.4** C£i) J Ly_i> (^L- iS 

^ ” 
a o 

o o 

o o 

S' = ■ \ 

0 0 



0 ?-") 







^ ^ jjr'- i s^y Jj~^ 


C m* (_jLa jy^* jl jj a5" ^opL»- cJU- (_f J^j ijjfSji \ ° “ \ ^ Jiw 

jl i(_fJ^C >L ^ >|| ftJw »J1^ |JJ^W ^4 t—{£*} -LA «—^ > - (jIa^^V* L 

k ' [> \jy tx^SJ^iS j 1 olii*J *xiij jlS^ jjI-j (jLfL-aj a5" 

c^Lulwf *{0*} I jb j *|>Lc ^aL* <_jjjL j* C$i>f ubl £jL^i 

yA L fft~-..I^^-A)) j_£j( j>|^ 15"jjL ^ Ju5"^<« ■■> tjJljjrfl u-JU ji U. 5 ^ 

.ijb {C}j3 jl *^i 

jJ j \y~> a5" * \ 0 ^ \ J^mi ji «-L*< e.>ta ^jL-w {jtzf K '* m i 

j 3 . $ y~4 A jLw t " 1 1 - *‘ a - * -* ji '- ^ |>j^JL4 L *■5^' 0 jljLLw I j* 1^4 

(_jr £~Sj>- <—*■+**»>• j> j I y \j jb l* ^5w l£-* L (_5" La 4 J j 1x4 ^^x> a 5* ^ -i> j ^ 

(^LaJjL*-* Csw i 3^ (_5^b* j( »^° ^J.». ^ a* ji j iCu*ij( ^,16 uLdlxi 

*$ Cwl ,jl I d Jo I >pj3^S > oaLlLwI rjjL ,jt^< ^ fl * » ■■■* ^jlSli 

^Ud \j (jJ_j^ «^jjL$"j (jfLia* j3 *J—*< &~~*y Jj* c^ 

tfl+V>- jl J hT... 4 (j'lAt y*?y* O jyufiAj i»Jw 4^1^ J Jw* j ^r^j* ^ 
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\j (_^-3jjT 4>-ji jb L y *jjl J. <a *4 jA L^I aL^.j4j 4^ iXImA (Jjl-SA^J 

(_^Iaa-*L o[y(_5^ l-iLa-L-I j oy 4 ^ ji^*l iLA4*A>i ^>1 j) 

tjjjld ^Ljjl j (j^jLj «C^lL-«p L^LaOu*- j! ji £ ^jIj L^l jj Jj 4 

|^ cL(^JuAwi — \T .jjjJi c-^aLm/ ^ijy>415 - LfrJ^i Ai jliijlj 

.ja^^ 4 jL^ oL_jj tii jl oiliL-il JU- j> 

iSjtj^ji u\ji iS&bij (jl-^ *» jbjf j Oj-ii ji (jlkyij+ytlS L 

^1 ’^y~ j (_f 4 (_^ L>•■■■ ’> ■ I (_^L^jLj aj a ** . * y (_^LaA 4 L^j aL^>ja< 

aj j Jpytj* L^jLj^ iSjtj*’ *^jt ^|* L >»n4 4j aS jjjli c^l^j ULc <jj--4 L5* 

Aj 4^ L^:— j* HR PL) olj jj iSjij^^ji [; Lfj] ‘jJJ^ 

AjIaImiI J>li ioJui L 'j*> (_j^jy A ^ A*A>- j .—AJ jA^b^i Ub_£k> 


J» J Al^«^ A*-/ Aj |^ L^»Lj ^jj L^OjI .Jjjli iOIjjl; l^L^jLj 

a^JjI L j ijjjjj»> <oL_jj iSjt j4^ljjj (_^L^jLj ^jjI .o*Lj^ u»a>^ 1 ^L^jLi^ .) 
j?* I* 15* (^jj j 44Lj y L j ^A15 O-w I Q&***>* L) i Ju lo J^i 4" L^L yj ^A?v4 

1. Robot Programming Languages 



fra yjju<&j> ij-i 



ji • ,J—-*jJl *cJ* (/I*]** ^ wJx 1 GMF SrA* y ^^ ^ 

•Ji5^ l> 0^ '\J*jy* *• : **“ * “ j' * L i_$■■»■ 4 

tfU ** vz^»l VAL jtj il^iLj (jt) y c$I **y+* .xj jL-i * 

•jul x<l^ >\s-$ t^U VAL jLj .Cwl »xi [M s ( > —^jg £*SjX 

jLj jjjl uju> J?lii «>l£ I 

ji j c*..»..j ^UJI t~a—* L <iu.) (_5jLl*I ^Ijk^I l oLL»x l*vI 4 ^ 

C^»- J-d- ^ ^pU-v« ** ^ 

iSjiJ^^j* jl ^^*.3 . [^] v —^***'^ •- fc -*’ '^jbj'. LT^'y CfJ ‘VAL II 

.[f] ijm ^JJmI 5jjk*'£~*\ »l£*Xta jy *S »C*— I AL ^jLj »i - 

otx, uk) sj^j. ij^jj •* 

(^Ia<L#U^( J jl ( B ^l«cl^/ll^ v^/! 4^ (jJl^—L JwL«) wU.3^» x^j^K+M y ~*A [ <S ^ 

4> »^..‘.y »,>>A..-I *s^w^ ^£*4 ■^ N —»I *X* 4>Lrf>- \J^X' ^ 

• iL j^l-< j) IaO j#J *—^ *‘ A ***l^~! 

C^SjX^) s^w.A H jl «<w loj LjC • L^.Lji £jt\ jl i^La^^w j »Am 

j 4 ‘j^ij _> 4 v* - [^J C^-i) «-& . ■ .: ■ - ’^Xi 3 *(^l ^ o-^*-- 

I. Unitnaiion Inc 2. AR-BASIC 3. American Cimflex 





j -> 0^7^ •^'Jcr 4 r*!'* ^yy. <j\s. \j ^^jijiJ j I ^LAAiUyti’ J-^>l 

ji iJARS jbj |T I~*^ jLjLi * 4 i ...J^ <' JPL •li*ljL*jI 

.[?■] Cwl ftjui pUI JLi—/L jL j ^Ll 

<olj_> tfbfllj utl J j^j 

(^LfcA^lj j>j>'j jl (^I^LvIlS* (j—^ J i-^le-Li ^1-LJ ^y^ jb j c -^i ■—’ jy^At 1*^1 

cOiJ 4 ^^ Ji c$b$Jlj Oil jl .CwJ «Jui ajL^I jl 4/ ‘Oljj 

KAREL oLj^ jLj *[V] c**—'! (IBM c-J^i < U ....ij4j e-Li ^J-lI) AML 

.[A] C^wL^lj (jl 4 ^jr* ( r GMF C^Ji 4L.. ^4 j e-XO ^4-Ll) 

.^jL Jl^-rL jL j At c^aL-w jL j 

JAi^-4 jll. i^jL CSj^ C${/ 4-AJ J ^ CSjJ ->i ®-Lw oUlixe 

jl 0“*" J°^ J* -[ V ] | J°^- ‘l***tj» (^lj-5 l^L.^ ji ^Jjy_ ^ 

4* ej-«c j *-LLjjI LijiA/ ‘Lf 4 ^ 3 ^ 4 l -r > l , , **‘ ,> l J j_^*jl *•—’I'iX 1 j„y*l ^-^L <4^lj^ 

At j* j l+liju c^U u^y* 2 *** cS^Lj o^b* j I ft AXjI j* 0^*“* 

.("^IL ji tj V (_^L&ejL**i JuiLe) Sy> aiL-il ^jLj^ ^Lfta^l^j^j ylc ^Ia4^Uj> 

^Lio-t ^L^Uj 

4> tl^ilj jjjl .Cwl ^yLL-t C^^Lij jl ^LilwI ‘Olj^ <JjJj4^l>^ ej^-i Q**y> 

L>—,Ju5' j*---^ lL»Lj^ jk» ob^. 4$oI ^L^4 j -C-toJ^-4 ejl>-l l X-S e.)Lu-wl 

St\y^jA bXsS 0 JLal-wI jjjl j-> .-L^ <JAj |*G’-»J oLj^; <Ow/I a& \j {£j\S jl«^i 

c_$o ,xS 5j\$ 5y>- A*\jj> j$ i^j^p (J>jijA*\jji L0 jl i' •— 

(^jL—*> ujLLo-c |«lj^j| ((d.^tJa.1» jj^>At -*!■* ‘^*LL^ <_ sjLjA^^j ^ 

(_gL (_fl^ -XiL ^...,.i /1 j y~j j^L^p lj ^jj)) 3 

^IdJaAi J^>A> <-LiL ^CJiljo ^jLa L i jyJ*. j^ 4 ! jl sS \j (J>j- _ ---~* ^aL 

j Oil ^jr^i C —3 j-i [> gys L r-y } <*$U 1 ) ir*J* 

^ i L 4^ [j^ \j k_j |^^_w 3 I a^)S t o ^ j j ^ 4^ l!>%w I j I * C5ji j A-* lj^ tj ^ j 

. XS jy2 ■ 4 3^>- 44 ij^ 

.Ajli j^>-j (5j^4 i^LU^: L?jij4^b^ L$^^>.j j (-S^L>j Ori 

L»l (C^wl jb^ j- 3 (_5ji j Aa \jjt e^L-/ <j\j> ^U-iil ijJp\j>- JU- jl 

L^bAjjl t SjtJ^yi J±> J* cSjiJ^ly L?l>rl ^•JJ^’^ jl^LT^ L» 

^yUi 4L^j ^JjL* 4> LI iCwl 4li^$j jjy (jjlf/Vfc ^J,^ 4 J 3 Jy* 

.[ N 0 i ^] Cwl c > 

1. Jet Propulsion Laboratory 2. NASA 3. GMF Robotics 


Trv jj,/ 


r-\r 

iJjL* £*>1 •-^■> ( ^ jLl> j; fc-SjuUyl L$J^ J.jL-' ^ ^ J-^ w 

*"-,U*ial iJlij 4 « ,. .7 Julw|»L^*1 ^ j^oLL^I^/c—i 

jl£~« u^Jw (jl^ iC»wl (^l^. ^i ~ -•• _ •••' *> *-^; jl ^ 

tij Icwltf' Ljgj Ji-i jj iS - ) (jijli’ JjL/ ^1 J* »jlil*jl .JIL LS\> Jij ^ 

Jj yil—* ^jSw».j? e-lul? <0.1*; £-< J* J j? txjju-**" ^ 3 J^ Lf J ~ a '- J *.JU 

Jrf^ 4 LT'JJ \) kj'Ljj ■■ iA ' 5 (_j > JiS*' '—*i l) (-SL^i- 5 4*ii» i(Jj\5 (_Jj^ 

• JA.1,^* jly J-»a- (J£—> j* [) »J-i ol»I oUiaJ (J-T- 1 J ‘- 1 J l-^x* (-S/jct 1 ^ JLr^ * 

VrL/ * “-’I'JLi •JH5’Jj^5' *4-"J“4 <Jy -'-iLr* 


j< LSlA*Li <tS^ JA1 LTJ^ (_5dl~l p ~—~ M ^u>^A J ■ 3 ^-'|^‘ C*^a- jl»j» ■Jii * • ^ 

. ^Jli <OwJ e-U^ 6 A*^Ili> 

L$l* [; jl jiXS^y* t j~*7 Jli iSjj Jl \j 4aLj (JjSz^o* J q\Ssa *^l^ .t 

.juLu^4 <C->i^4 <lj JLi^I 







C » .. >3 ^ ij > «^jL*> pZ_jf^i- jl o^UCLwl L (£jjt 

1.. | tAftiaJ jJ^j J I t 3^w L 1« . h^ j l^x/ ^L^li 

jlJ ^^IOj ^ OiL j^ iJutl tJuL 4li^ <!-»■« / 4a ^a > _^l .3^** 

•-^LT 4 jI^ If ^ 

uil £*!> J- 5 ‘ u ^ ai 

^|>-j^4 O Jj j^ <» 1^ Y y \ ^|>-l^4 ‘^£j 3 OjLtaC^j . ^llLwjJ 4 J ijaJ A< \j A t ri b 

. 3 I 3 j»U^I (J>Xv 

j\S Am\n * j3 ^J>-j34> 4 a^j t ^ *3jw^< Owl 3^> b X lS 4j Jaj jl .(j 

t^Lolwf «jl jXt |»l^l \JJ*$3 ‘ij^ Oi^ Xr* J j~^j\ **jt JL^ 

^ ■ 1 ^ <_j L j j j < J^wy»< 6 313 1 - P f C ^ ^ - ^ 4 j i Jl■ -• L ^ L> i^'^ j 0 wLi- ' -^Aj Ja ~jS 1 

.JiS* oL? Ii ,\£ Jutal *iU J it y nZ * tj xS. 


.xS\j j\S X*\y\ jl *ji {j y nZ * tl xS^* 
■^i/ 1 jl* lts, j 3 j l> Cxi ■> °^a> 

lxx o-t- •^Lr'Jt^J^' 1 *^^ 3 !i ‘^cr* ltvi *^v* cO 3 -V 

jl^J On<*-j j3 **$[/. 4n}n * _) ‘'^^X 4 |»>^l j; 4-»uli jt-4^i 

<Zj L jj .^ uI*■ I 4*l*a 1 ^3 ^jlJ j }<0 < ■> j 3 j! * u**>" j\ 6^La.^-uI L .A 

K J*i* j L^jl ‘-^cr 4 t-r^ J; jl Lr^b ‘u^ ^ ^Xr 1 J^l ^ 

•-^^cr 4 Ctt* b art cj^JJL’* jIt- 4 

J^ A Jl. .) i* l~ 4<U2^ LJ L A^J <L^m i l.-s.KJ3 J Li^4 4^ 3^«v 03 13 1*1 ■ ^ »W j * ^ 

(jj~iO* * .J-iL ji J-j- (jji—. _/l ,-u.i^ jlyi J-o- c5j$— (^j_, ji ($£t 3 
j 3 jLT .juiL & i.*.) ^y>-^ jli>^4 ol~L^c j3 .3 ^w^4 03 1 3 Cvi!)it 

,-Li Jjbl^^ 4lJ*. IJZ I OlbLu? ■ - » 

^ < 5jX ^4 \S ( 3 ^ 1>W» I ^ 0 lj j \j4 UJ \j \yA 4 a ) T aJc^^ 4 t XS^4 J+-*& O L jj * \ ° 

.^jUHriU^^ 

<Zj LX*X 4Zj I) 31^ l^» J 'jjS fj *jX ^ L$ ^ If X) I \y ^4 aS ^ LX»X j J lX« J 

(j*X)\ \XX* '*-*tj* ^ .(c^-l *J>\ji c3^* 

L jS ^ L^Jjk 4a aS <Z ■<•■>) CwvL^- .JJj> \y^A y Jw j *^/1 ♦,..*»■ I i({ jwLj ijf jlp j I 

(_^l ^Z» ,..l j 1^-4 J (3 y^> ^Jaj OL Jj 4a jl (j\*jij$ j L^J < j J - ^>- 

jl 4-^A {J*jy ■^lL<<. i34i i^I joI 4a 4>-y L j < 4.i • .1 L^-4 jtp jj jj 

L l (y*jy*^ jl oLl-w! L i jOuA .( 3 ^ -iA \y*- oJ^S £—C» _) jL~; col v *i 

<Sj\j*ji J tO LL^t jjjjjh. j3 j^Lwy jl^*| A< *^«JL4 . i^ > 


fv\ oO jj rJ* 

jLj *—^> 4 *3^jlS' £j>! j3 j3 .3jljJ 3y*j «y**J^£* Ojjly 4 j ^yLX»«C 

^ • j- L>j~- jl .(■^rtrr! \j ^ ^ tjij-^1 C—-1^ p-fcly- jLj < Xj[X i^ju^ay (j\y oljj 

j! (JjL—o LiU .£*+—J jljX»3 jL—I ^yyS yLL^ CJfjiJ^Ly Lfb^lj (_sj/ ‘ij-^ J ^ 

\j £y*J 3yjljf (jj JtaJu—L^tL Jj iSjtJ^^ji tfl^lj 4, L .h>rj4j JyL \j ljA3y j iS 

•fr~^ix" j *i "—'^A; iSjD^ji j '-~ J? V J J J I’iJ^cr 4 J 0 ^” 


objj jbj iS^ji (*J^ -L;!^ 

iyU^ t/ji-J- 1 - 8 

l*Lw>*J j3j^l j 3 *Z^Sj>- 4j JyL twijjjfci ^--L ‘^—■'bjj <-^!/ 6 -^**' 4-"*-y (jjlA4^»ljy •tS'l^jl jl 

**ju+&y A> j 3 U> (_£yu 4; JyL < (_£j> j b^> jl j **5* l*..i I y**y) l <J> 4-* <J> b j 3 

* 

jl <^L-« .C—/I Lfbfl^y u —'b JU LSjiJ^ly t^l^b j j-^'-.C " i “'L b^lSy- (j>l 

J ‘L^^* 'yl^a^* <_jl)jj (jj/ 

4^ -\pyjA 1_^I U *. £ |*l?V>l {^\y J^—kt jMj j (jj La^SvL-C J ly+-K-A ,5y~i yA s3llC-wl l^yjlo 

^j~* *i O^y^y 4 j3 fr-i-i y j** «3jUllwl jl .C— J ^^*-.3 j3 l^P_y 

4j C^J j\y\ v^tv^ ^^r*“ Ojj^s»<0 l fSy* ‘*_£ ailiL-l y_j C^jy-^aj ^yL^- ^-U 
J- 4 ^ yL^Jj^ j? (_jl^>yj-jLf>- j «jLj eLil^j «_^>-jl£>- 

» 1 Xiy~J (y* Lgi ( \y~- 1 

J * 3 j^(y* J-*^ \j lt^-^ ^ ^y-^13 l 

j 1 *-^ s i ^ ^y. J* ^' (_Jj l-A^w*b ^La^jC-* jfu ^ jb j I J j l-^.-.*. w } i O IjJaJ t L j^*3 

L^yj-jL^. jl j3 *S tL« «—3jy jl iV* - \ V j3 .3 J) (yjLJ-L« .1^1 

oLjj 4*1 *j> j3 L^jj^-jL^ jl *w$u j& .jy-'iy 4 *^i- a ‘-^l^cij ^jjji ^y.y* cjl^l^ 4 j3 
.Xyl^y* [ya^JL* («_-jy^jL^>-) u f^& l ^^€ , ^y jl (_5yjC-4 <tL-wj4j 

cu-Jjli J^ yL^ (_$jLJ-u yij ioLjj t?L^>i»j jl l£jL— tj* 

iJ^"" 1 4^ **^y **^3^y «jj^S^U^S"' ijz*b jl #Aw (_$j|j^4li (_^IajjjC-< 

u^i r“ a J^J iy^ LSjl~J-u ji *L^T j£*_* ) ‘^yr i^jla— L ^1—>-1 

4l^*l3 <3j— “^b O bjjj L$jtJ^*^y. j*L^wJb j3 <CT ^y I ^ • ■ ■» . rli £y JL+^a j I 

j3 45’ ( ^|6 j : w jj 1^1, tytyS {j \ J~Z+y m j3 .C^l yLf^ j3 |»L~>-I (JjLJ-U 

. e 3 1 a~ ■ ■ > I iJu«/ OjL«wJ jjjo L 

1*^1 |»L^J ^ ‘yL^ (jjLJ-u (j l^ ty^y j± 

4j «ilwj^4» |» L »» > -1 jly-t^ **-Li c^IJlSwU ■AL 'v L ^3 a 5” <^wyJ j i[V] 

jy-w3 4-Su j»l—>.| j^l jl el^A 1^ jl jl J (y^ 

'V'r^/Ui**^ *- 5 ^' -^ly- C^5y- jj jj 4> o.^a~,4 |*L—>-1 XX? t3j-i e3b C-Xy- 






4>) dj (Ojj jtf 4wl^t J34j 4^o J jl »aaj t T” \ V ijjlS J^L ,u 

AmWi {jlfSj* i U M i <lJ «‘^l« 6 -^*' 4*Jai j 45 e^ta 

CU^L ,(cwl e-Li (JjIax^L “bracket” <6 .frame jJu* jIjJL. oJ^Ju ( ^ju) 

>£S j^ju y~t “pill j~jC—* ij\j> o JkJo jJjU-a 

iO L jj (jj< ■««.i i i 1 ^^ (j;jLJju. ^T....<... »^ ijbjul oJL>- jj 

J^ j* Li^> I 4 S jj _r^* j 3 |^ i . jiSj IS* I 4 .1 L o l* ^j c-^-kw I ^A L<»> I j 

«Ub4j L 1^ jb ^jLjal L^J J^a £j) 1 .Ju$^4 i- - - - -° CAD <Ltjy*odj 

jl (^jL- ^ jj £s^jJj4j ^ C-**04> ^j] j '%^^ 1 ^ >« 

\ V* ^|-<al jj *l f i ^ »j JI »JS i n T . * 1 < J *£ ftiLnI— 1 1 (_$j(£ (Jjtj «» - » » <n-$w 

■^cr 4 LT-VJi 

•—*L^aJ Sjja <jlfSj>- <jL~af C^Lli (OLj^ (Jjij^j. csl+^j j^r-i 

L i>lJjJ ftjui^ a 3 L i wI j«ul^i jLj j>- (^IajjZ— wi 15*4 j L .c^^I 

j^ 4 ! ^j| .Ikj (Y jJ—< ai ft J~t> 0 • • y ) J . < . < . < . * lift ft X^ S JuJy j Ia^» j>- J? 





Tt\ cAjj; fj[fi fji 


Loj^3 ^1 4 C-^> JJ t JLlL-J IjLj* •_ * iii ^ ti_lJJfc 4^a(b j ^1 -jL o JsLb jmAi 

ft JlJJT e-ibb—J i^gJJviAJb •^Lf' r*l> tJilf • iliX I <_sU b .Jai- ^yjlSi C^SJ>- L ftjLlr 

.X? JjXf I; Csf,#- OJb4 L C**£j**t xi Str‘ 
<j!s. [>jiJ u^f^y \j^y efl* Lr J’t_— ^Lj j_jJaL»4< 

P-j^ks* J* 

, M “goall” 4. .\ 

U gO(ll2 4j (Ovwl^ Ji> . t 

.C—-jL j “goal3” 4> “vial ’ j) 4&I j^jL .V 

ft Jk> Uci" I 4*4 L^j ^ .5 L i ft ^ - — ft J I J I ^ L 4j >Ll j - ----* _Ls Lb ^j I 4—15' 4^— j | j) L 

L Kr^ \> ^f.j) LT^i if) d^fw* 

rVALII jLj* 


move goall 
moves goa!2 
move vial 
move goal3 


Jj^S “garm” ^aU UcJ j.j) AL jLj * 

move garm to goall; 

move garm to goal2 linearly; 

move garm to goal3 via vial; 


^■^liiiii* I . . LJ L jj L j 4a J 


10 move goall 

20 move straight goal2 

30 cpon 

40 move vial 

50 move goal3 

60 cpoff 


L*l .jJjIj ftjlw La lc^L^Lj _ ( r~» 

^»^l5w] L cijL ju OjLb jiJ ^ ^^ 




1. Intelledex Robot-BASIC 





^ «U;U^ xjU^> b>-L/ (jj;l-> iSu s. i_f-*^tj 

* jio 3 tsLf-i^ 

(LwLij jjfl'jfftlk— 3 J 3 (_f—-^ oL^k*l* ijl^y C--1U ^ 

J& 4j £jt\ C^fijU _) 

i jl (_5 jL —* j± ‘u**^ c^Sj>- l cl*±a j-> 

(^^1*5^^Ijjb jl^i j£L jl {£jS L j>\j> j; c-^j— »xiS"ft jLai^.1 

j^L 4 ^ O.X* L^ jfc * w « ij-'y 4 0J 3 o X - lS o^Ia T «*J 4 j (4•"i umii jl 

.Ju S »lj*J 3 4j \j Cr+Zj** 

J-*Li ^ Otf fc ‘— 

.JlwL^* (a](a> *_Sj 4; j J- ga l 4 C5^^>-j4>- J c.>LaI—« l 4 J»wj4j 


<Lol3(^[^>1 

ftj^ ol£*J 4j tOij'ukji tfL^lfj j~r! Or* CSjij^j* C$U^J J 3 

j^»- 4fT C^wLa« jlj* Q>\ ,xS 4^U^j (^[^1 V^«/ ■^^LT 4 * 3 ^ 3 j^ 4 ! 

.4*1^ jki { y^. ) «U4*bji j*j l ^Ji J 3 ly,*^ 4 *k- 3 ^i^ J j^-jl 

•-^jl 3 3 j*'Jjs 4 ^b_j, cSjij 4 ^^. tsU^J j 3 
(^Laj^ jiS j) (j^t..««> L 4— *j\j~4 j$ jkj,^ ^jU^ toiw v-Sy L*_yI (jjl^ ^ J^J 3 

<3jl^t (^jL«j ji 4^ C«~J jl cJ^ .ilwIjUjji-^ C^j-—ri ‘—*-*■*! ‘.^i 3 

^15” jl-j^jb j_jt4* 4 S “^" - j 3 c$j^ Jjk-i ioLLx- 4 >-j^ jkj L<r ^l5’j ^* 4 4> 

J^w Xj'L*) JuiL *-Sj C5jl^ J 3 j-^1 C/^*^ * 3 ->^Lr* iJ ~^LT* 

4Lmm<j4j t J$v Olj \y* 4j 4^O-wk Ol^*^v ^ jL*C ^ "“ ^ ^ iSj^ 

j JLSw-» *oLj^ tSjtj^^jt j 3 s^'I ‘Jr^ 3 Ck^ *t J^f oLj^ 

jUj^Jb (j\j> j J (jyft-Lj^-j (^l^Lli-L# l^lj j 3 ^ ,e -^ 41*^^^ «j 3 ^jr- 

Jr] Cwi ftju*i 4^*j 

(^lAJujjy j# OjLkj *Cijf jlaj j 3 oljj C^jij^lj^ (^L^L j j3 Ail 4? 

4j JJI^j Jj.L OLjl> pt ■ .. ^ .. ( iCJL> ^jjl _;3 .Ow/1 

L iOLJ»«-c »_Li> Cjjy-o** Ouul (jil .JyM} Ia 4«.L*^ _^l *t5" 

CJjllaj ^iily C5^U jl ■ 3 >*' tiS ^ , ^ >4 ——»■ jl <jr~*y. ' Zj jJ~ aAl . 

.[r ■ V] Cvwl «A-t |*Aly lAil-bjj jj 

l_f^jj«ut-ia-^-s 

v^L> tsjij^^ -k;-«-* (jsyr^ ciU'^i j iSjtj^^y. J j* 

JAjjl x^jU _} jl_^-> tSj^ t^Li (jju^y. -a^jj *5I1 j |j 


TTT <J*ji fjl 


_£\ .ililj jLw Iki- 3 03*J trO» jl dJ 3 jl 3 iIjLjl, ^ JjlSl. 

(^L^iL j jl 1 <4*1i4*Ljj 4 Aj>- ^ir^ 1 jb*L *XjS »jlaX«f 
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BEGIN "Palletizing sample program" 

FRAME in_pallet, out_pallet, part; 

COMMENT 

The (1,1) positions of the pallets and 
grasping position of the parts; 

VECTOR dal_rl, del.cl; 

VECTOR del_r2, del_c2; 

COMMENT Relative displacements along the rows and columns; 
SCALAR rl, cl, irl, icl; 

SCALAR r2, c2, ir2, ic2; 

COMMENT counters; 

EVENT in.pallet,empty, in_pallet^replaced; 

EVENT out.pallet.full, out,pallet_replaced; 

COMMENT 

Here insert the frame definitions for INJ’ALLET 
and OUT_PALLET and the vector value for displacements 
along the rows and columns. These would be taught and 
recorded using the robot. FRAME definitions are typically 
unreadable by humans; 

COMMENT 

Now define the procedure PICK and PLACE called in the 
main program later on; 


T f 6 *-• *> <j*j<j& 


PROCEDURE PICK; 

BEGIN 

FRAME pick .frame ; 
irl:- irl + 1; 

IF irl GT rl 

THEN 

BEGIN 

irl ;= 1; 

icl := icl + 1; 

IF icl GT cl 

THEN 

BEGIN 

SIGNAL in_pallet_empty; 

WAIT in.palletjreplaced; 
icl := 1; 

END; 

END; 

pick-frame in_pallet+(irl-l) *del_rl+(icl-l)*del-cl; 
MOVE BHAND TO pick-frame; 

CENTER BARM; 

AFFIX part TO BARM; 

END; 

PROCEDURE PLACE; 

BEGIN 

FRAME place-frame; 
ir2:= ir2 + 1; 

IF ir2 GT r2 

THEN 

BEGIN 

ir2 := 1; 
ic2 ;= ic2 + 1; 

IF ic2 GT C2 

THEN 

BEGIN 

SIGNAL out_paIlet empty; 

WAIT out _pal let .replaced; 
ic2 := 1; 

END; 

END; 

place-frame := 0 Ut_pallet+(ir 2 -l)*del_r 2 +(ic 2 -l)*del-c 2 
MOVE part TO place-frame; 

OPEN BHAND TO 3.0«IN; 

UNFIX part FROM BARM; 

END; 

COMMENT The main program; 

OPEN BHAND TO 3.0«IN; 

WHILE TRUE DO 
BEGIN 
PICK; 

PLACE; 

END; 

END; 
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program PALLET 

— Transfers workpieces from one pallet to another, 
var 

-- Variables for the input pallet: 


BASE1 : position 
IFU,IC1 i integer 
NR1.NC1 : integer 
DRljDCl : vector 
ISIG1.0SIG1 : integer -- 
— Variables for the output 
BASE2 : position 
IR2.IC2 : integer 
NR2.NC2 : integer 
DR2.DC2 : vector 
ISIG2,0SIG2 : integer -- 


(1,1) position on pallet 
counters for rows & cols 
limits for rows k cols 
delta between rows k cols 
signals for pallet changing 
pallet: 

(1,1) position on pallet 
counters for rows k cols 
limits for rows k cols 
delta between rows t cols 
signals for pallet changing 


routine PICK 

— Pick a workpiece from the input pallet, 
var 

TARGET : position — target pose 
begin 

IR1 = IR1 + 1 
if IR1 > NR1 
then 

IR1 - 1 
IC1 = IC1 + 1 
if IC1 > NCI 
then 

IC1 “ 1 

— get a new pallet 
dout[0SIGl] = true 

— notify pallet-changer 
wait for din[ISIGl]+ 

— wait for input line to go high, 

— meaning pallet has been changed 
dout[OSIGl] = false 

— turn off our output signal 

— compute target pose 

endif 

endif 

TARGET - BASE1 

— start with (1,1) pose 
shift(TARGET,(IR1-1)*DR1+(IC1-1)♦DCl) 

— shift for row and col offset 

— get the part 

move near TARGET by SO -- move to 50 mm away from TARGET 
move to TARGET 
close hand 1 





move away 50 — back away from TARGET by 50 mm 

end PICK 

routine PLACE 

—* Place a workpiece on the output pallet, 
var 

TARGET : position — target pose 
begin 

IR2 = IR2 + 1 
if IR2 > NR2 
then 

IR2 - 1 
IC2 =» IC2 + 1 
if IC2 > NC2 
then 

IC2 = 1 

— get a new pallet 
dout[0SIG2] ■» true 

— notify pallet-changer 
wait for din[ISIG2]♦ 

— wait for input line to go high, 

— meaning pallet has been changed 
dout[0SIG2] - false 

— turn off our output signal 
-- compute target pose 

endif 

endif 

TARGET = BASE2 

— start with (1,1) pose 
shift(TARGET,(IR2-1)*DR2+(IC2-1)*DC2> 

-- shift for row and col offset 
move near TARGET by 50 — move to 50 mm away from TARGET 

move to TARGET 
open hand 1 

move away 50 — back away from TARGET by 50 mm 

end PLACE 


MAIN PROGRAM 


begin 

IR1 = 0 ; IC1 “0 — initialize counters 

IR2 = 0 ; IC2 - 0 
— initialize other variables: 


BASE1 

, NR1 , 

, NCI , 

, DR1 

, DC1 , 

, ISIC1 , 

, 0SIG1 

BASE2 , 

, NR2 

■ NC2 , 

, DR2 

, DC2 , 

, ISIG2 , 

, 0SIG2 


— numerical pose definitions omitted here 
open hand 1 

while true do — loop 

pick 
place 
endvhile 
end PALLET 
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.PROGRAM main() 

; ABSTRACT: This is the top level program to move parts 
; between two pallets. It allows the operator to teach 
; the pallet locations if desired, and then moves parts 
; from one pallet to the next. 

; DATA STRUCTURES: 

; in.pallet[] = An array of locations for items on the 

; pallet to be unloaded. 

; in.height - Approach/depart height for input pallet. 

; in.max = The number of items on a full input pallet. 

; in.count = The number of items left on this input 

; pallet. 

; out.pallet[]= An array of locations for items on the 

i pallet to be loaded. 

; out.height = Approach/depart height for output pallet. 

; out.max = The number of items on a full output pallet. 

; out.count = The number of items le.; on this output 

; pallet. 

i #safe = Safe robot location reachable from both 

; pallets. 

LOCAL $ans f in.count, out.count 
; Define binary signal numbers used to control pallets 

transfer = 1001 ;Input signal TRUE when transfers permitted 

in.ready = 1002 ;Input signal TRUE when input pallet ready 

out.ready = 1003 ;Input signal TRUE when output pallet ready 

in.change * 4 ;Output signal requests new input pallet 

out.change= 5 ;Output signal requests new output pallet 

; Ask operator about setup and teach new pallets if desired 
PROMPT "Do you want to define the pallet (Y/N):", $ans 
IF $ans *=* "Y" THEN 

DETACHQ ;Detach robot from program control 

TYPE "Use the PENDANT to teach the input pallet location" 






CALL setup.pallet(in.count, in.pallet [], in.height) 

TYPE "Use the PENDANT to teach the output pallet location" 

CALL setup.pallet(out.count, out,pallet[], pout.height) 

TYPE "Press the COMP button on the PENDANT to continue" 

ATTACH() ;Attach robot (wait for COMP button) 

END 

; Initialize transfer data 

transfer.count * 0 ;Count of parts transferred 
in.count * 0 ;Assume empty input pallet at start 

out.count = 0 ;Assume full output pallet at start 

; Wait for transfer signal, then start the pallet transfer 
MOVES #safe ;Move robot to a safe place 

TYPE "Waiting for trasfer signal , /S 
WAIT SIGCtransfer) ;Wait until transfer signal seen 

TYPE "starting transfer", /C2 

; Main loop transferring from one pallet to the other, requesting 

; new pallets as necessary. Quit when transfer signal becomes FALSE 

WHILE SIGCtransfer) DD ;While transfer is still ok... 

IF in.count <= 0 THEN ;If out of input parts, ask for new 
SIGNAL in.change ;Request pallet change 
WAIT SIG(-in.ready) ;Wait for input not ready 
WAIT SIG(in.ready) ;Followed by input ready 
in.count = in.mar ;Indicate full pallet 

END 

IF out.count <= 0 THEN ;If output pallet full, ask for new 
SIGNAL out.change ;Request pallet change 
WAIT SIG ('•out .ready) ;Wait for output not ready 
WAIT SIG(out.ready) ;Followed by output ready 
out.count * out.max ;Indicate empty pallet 

END 


; Acquire input part 
OPEN 

APPROS in.pallet[in.count] , in.height 
SPEED 20 

MOVES in.pallet[in.count] 

CLOSEI 

DEPARTS in.height 
in.count = in.count - 1 
; Place output part 

APPROS out.pallet[out.count], out.height 
SPEED 20 

MOVES out.pallet [out.count] 

DPENI 

DEPARTS out.height 
out.count = out.count - 1 
; Count transfer and display it 
transfer.count * transfer.count + 1 
TYPE /Ul, "Number of parts transferredr" 

END ;End of while loop 

; All done transferring parts, move robot to safe place and quit 
MOVES #safe 
.END 


;0pen gripper 
;Move over part 
;Move at 2Q*/» speed 
;Move to part 
; Close immediately 
;Move up again 
; Count down 

;Move over output 
;Move at 20*/, speed 
;Move to empty place 
;0pen immediately 
;Hove up again 
;Count down 


/I8, transfer.count 





.PROGRAM setp.pallet(count, array[], approach) 

; ABSTRACT: Routine to compute an array of locations given locations 
; which represent the upper left, lower left, and lower right point 
; of a pallet. All output locations have the orientation of the 
; upper left part location. 

; INPUT PARM: None 

; OUTPUT PARM: count = Number of items on this pallet. 

; array[] = Array containing the pallet locations. 

; approach= The approach height for this pallet. 

LOCAL ul, 11, lr, ap, t[], ncol, nrow 
LOCAL row, col, cs, rs, i, frame 
; Ask operator to teach pallet locations 

CALL teach.point("upper left pallet position", ul) 

CALL teach.point("lower left pallet position", 11) 

CALL teach.point("lower right pallet position", lr) 

CALL teach.point("approach height above the pallet", ap) 

PROMPT "Enter the number of columns (left to right): H ,ncol 
PROMPT "Enter the number of rows (top to bottom): ", nrow 
count = ncol*nrow ;Compute count of items 

; Setup to compute pallet locations 

cs = 0 ;Assume 1 column, zero spacing 

IF ncol > 1 THEN 

cs = DISTANCE(ll,lr)/(ncol-l) ;Compute spacing of columns 

END 

rs = 0 ;Assume 1 row, zero spacing 

IF nrow > 1 THEN 

rs = -DISTANCE(ul,11)/(nrow-1);Compute spacing of rows 

END 

; Compute frame values 

SET frame * FRAME(11,lr,ul,ul) ;Compute frame for pallet 
approach = DZ(INVERSE(frame):ap);Compute approach height 

;wrt frame plane 

DECOMPOSE t[l] = ul 
; Loop to compute array values 
i = 1 

FOR row - 0 to nrow-1 

FOR col = 0 to ncol-1 

SET array[i] = frame:TRANS(rov*rs,col*cs,0,t[4],t[5],t[6]) 
i *= i + 1 

END 

END 

RETURN 


.END 
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‘f^-ii^! L ui^ ^r ^ ■- 1 -^- i <ubl ‘-^^=»- jL5" ^1,.jj—S’j icjui (^j^L^ 3 1 —^K-jL^ll 


1 . Task-Level Programming System 



Jat ^U* ff’T 

Ja, y yj'LLc (jjij^ji l?U-* ~ lAt—^ J u-*£>i <-*1* u^l ^-‘jj- t> * J . OLP 

OLP cs[>»l >ay- —U-t-o jf £ba ja cSjW; •V-'u 4 ' <c *^ 

.Xl-Ci-L, !_, U^yi j LsUtXjbj^^-^ *^-*1^ a^i^“ 'LS- 1 * 4 -“ 

.xjlHa <^jljJj-a oLui«i ^a ■ , ‘- j3 oLUt ^ <j>^* >OLP l> 

olp ji ju*\ ^JiLo r-\r 

{ yjj, it jSj\ji A p~y ijy OLP c? If"* . “■_> ■•’ xl a^^L'I—■ j) CJjL—i <>Jj j 

,x5’ ( _ f 4 \j OLP p ~ . -—i >-& tjjj*:<L-~ ±jy (jl$£yZ>y 

* r. * Ca n! a".. . 11 _T.■ ^j. ,*1$ 

t£jijA»Uj{ ja_AjleaL, (jl^ l _yL r ^- 4 aUul ,OLP j» ~ •• ; ••■ tyjr —(jLa»I »>S*I ‘‘S’b~! jl 
(Jfl yijtJ^a ^a pr^ 4 “j-&l LI .jjb (JjL-; t~~*l .xJ'. alt-1 J-aa» ‘Cwl^'li, 

.aJ_jI .C—.1 cSjij'ul^ (jy“-ja L^ijA °!)=«~ * LT” - ^ a*-*'^X ‘r— 5-4 

Jjly^y a 5” I— Ijj -Xl^iiib ja _A-x£a l e_)-X.I ja ^1 a? X^j^y ^La> 

Oil jLL, i CSj-jAaI^ ‘jl ^yjjyO*- jjX <Cj^. •‘—-I j!r-a p*A x- l) jl 

.xS^ja C* «I-AA OLP pt —_— i^'J 3 ^— 4 (3 - *' c i* L (_r—jj 

L j jl jJy' jl^tfjl Jijy J-Sja a 5”Xltil^a i>yC A ‘Ol^i jlLxS’xly' 

jl .JCi” (jjLi-—L* CSjJ^A; Ail; I L^Li/ •!/“* A; ^ ( RPL ) —'I.JJ L SjiJ^y. 

<y_j^ji alyl Ijij :[f] Xjla ,_yja— ja >-Sji-L. J—ai fJaXa (.jL^li; jl cSjlr—;x> Oil 
jly^ JaLjl i— l_j_, l i a_*»- '-^i jl “alt—I l ‘cjalc alyl .<_jalc alyl (jJ {j^>y j 

j (_5jlS” Jalij jjk-* *i Je 4 J L^I --**^cf 4 j "4 l> *JJ* lsIaa*^ na^ 

a^jlS” ^JaL, jl ‘u^ii ja y) ja ‘^’jj^Aj .XjS^y jLa. I,, RPL (jl^l j 'A^t^ (^,-lia.lc 

.a^jt^A _4L^ij-A > j) i^jjX^jliaA; I ,Jjli« ja 

“iJi_/ 7 a RPL (_jl^L j jl (^lAiiL^i^::— S oJL. [, OLP jX-—— jl^^ a 5” L~" jl 

■ tj --*.A J—a» j^yC (_jUa£j— ?y> jl j\yp Aj ‘RPL jlj ui; jl ja aS’ C .1 !_yA— L 

<plj'~ •;••• j' aS”[, XL ‘RPL jlj (jjaI -a_j-i ■Ci^jlS'A ‘“Xi5ealt— I j OaLj^i jj-j 

(_yl^la (jlfrl j jl L^l^i^j , - i —.L jjla ‘Xjia i_~—*1 "— 1 1'ii cJjiJ^I'X 

‘<uljj JjI.“ ul^i ( _ r tj‘jj;<_})> aO. jl^ A» ‘AjIjj ja j—* <_?[jlx [; “Xi5 «alt—I aS” 

.a_y jl»l_y- jL—L a j L-— jlalj «Aal_^ tsj/>l 

'(^ > ~‘-- « RPL (_jL^JLj A; jL—; jlj c—j (oXiL «alt—! <—^ (_J—**■ ^1 

salt—I (c .1 jul—1 jl a^ jl5" a 5| jj-il qLi— J~.aa jl xl OLP pt—^— ja LI ‘C— 1 

« i^y j aa l j,* c—t —‘ l jL» (_j yyy L" tP.lL \j iSy-X. J-ai jl L yy .a/ 



ffT QLP jb ^L*«l wJUxj 


iS j*^ Ojft 3j#j15* Ij e X'^ ola " m ! ,AA3^o jl *■ * j 

^*«»* * J** tjcT*' J* ^ ^ \j jjftjf |>[...^ 1 L J?liu ji\y^» 

jjlalo *t \£4***^ j ftJul5" olL-J Q-i JpLljl tJj\j*j> iftAllS^lC-J 

^Z^L*! 1 Ji*i j t_jLi\ij| {^\j* •(_L iSjy jl jLw (jC*3 i*Lili^j 

.3,5" oli^J '«jL*» jjftj? JLxl 

^Ls~l cj!/ ^ ^^ <_$j^ lPJj* 4 /^ jl 

(Jjl^* CjL*iaJ l^I»w ji (_£A*/ 4 m (_jl^J_L* ^Lm L Cw3 j3 L .C^mI <J£mJ IjS 4*iJl_ 43 L JpLj/l 
a lx* I A; j-^ Li L 4 .n» |»l^ul ^5iL-/4j *i^«jL4 _,15" £jJ «OLP —/^3 

<_Jjj j, -Ipiii AA3 ^o jl£*l ftJulS" o^l aT ..rj 4> 4 *_jj>-j Lg->. <_£L?|/ (_$ J ^ -4 -■• 3 

Pj~£- j <0 jL j3 (_£j- * C -» j* . h j j3 i 3Lul j^> ^LpI ( u“+“' -X$" ^-jL • - 

j3 4*^*J 1^ ftj^Xo j J L ^jLm14j JLx I £ji\ thjtj\£ •* —■ *** I 




iftJL*^ ^jCj L,^ ■ ■ ■ - 1 


Uj j-c) <_£3lt ^J^l 45"cXb jaI^> #Co iftXiSoLc—[ L |-^* 

_,3 .jiA3 ^Uul *jLL l> jLl ji-i (jj L «.«j JLxl jjl JLJ 4j jCjJjhj 
OLP 43~^_y jl y^f 4 \j C^-^Lc 3^1 4. L ,>.^4 j ((oAw e3|3 {j+'jf l» J 

ft3L*/ (_jLAA^bj^ jjjj ijtj/k L* (_JIaJ^ jAa\ jjt ‘^jS 4 a^j> RPL ftJiw y (_jLfcj^L*/34rf 

<RPL . j I a ^ j| jj1^1 (jl^.Lii ^ 1 3 <5>j R.PL ^ ^ 


•■^Jj^Lf^ f^[p (jj (jj/ j; V'* , A j rci C?La3^jjI5"j 3 <_JjLl>-l (_^IaJ^ 


^■AAJ ^*a/ (Jj U .L 4 

(_jjL5* J^Lw j ftj-i (jrjL/4^^ «OLP (j i^ » *:,,.j. jl 

JjL-' j* jjjfl J «oUlaJ c jl (jlfll w ^J5”j oL_*jj JjL cjIS" ^J j*U^I (j\j> .Cw) jl 

Ojbfl ^ 0 Aj^S^A J I 3 !-^I iZ .* >£y-i ij—1 \y I J4j . Jj^w J_L« 1 - ■-■**- 1 

(^r- J~L*S J C%>L ft3l(Uwl ^ls 4* ^pyyk CAD j3 45" 

tj'-’J—** (jjl—T ■>> (_jU»jb *j£(j>\ 4j jl_y,_^ ui^*i_£» ji CAD (_g 1 
Ja|^>- 4>^l\iLt <xJ_y 4l>^I j 4»1>.j^ jl CAD 3j^ J15" 4j JrfJut jJjLw 4j <L>-J# L . 3 ^5" Ixj 

^ j *J-^L CAD (_jjLJju« ji p~..> c5j 4j OLP ^1*-^—/ 45" 3 y 

<Sj>JLa ,J-^* j«>L OLP n*,.. : ..) jS I .Jj1j3 CAD ^ >-|^1p .. c5«j jl ^-•■*" 

.AwL 4i^I 3 1^ il^J jl I 4 J-U c^Lj 3 L «CAD ^jU. (_^1^“.4 j I^Jju Jliul ijly c_^—Co 
(jl^J-u ^ p>wj (_^lft3L*r CAD ».i J^L j^» OLP - - - ■ <S^ LI 

^ t/^-V CiLAft3l3 j3_jj>| L J t( Jj[S J^L j3 4j Xjij^ 

•3j-W jb j 3 3 (^1 ^ 1 mj , . . ! jl ft Aw Cp^>Lj3 CAD(_jL^JA-0 


1. Menu 



■Jai» TPf 


(_$j L.»w j 3 .I jL* ^jLiai L*j 4^ .OLP <^15^ 

(_jl^ 45^1 U- j j |^«* L j j^LUv t*ju~0y *oLLx jl 

jj .S' (j;l-f^—;— L$\j> ijjS {jjjlySj .<1~J jL Ij^ji * (jr'jj 4 '. ^^ <i J t ~~ 0 y Oil 

SiAl (Ow J>i/S .C^wf UmL ^LmW »Cu-I J> Xj>- L^j I yliLj jj^—3 1^:1 

J* ** ^ J^y** ( - r i ^ Xw ^ jlj?J L (_5* —'^ tlwJ 

4; ftjLwl ol—L*C ji a3Lai—pI » 4Lw^4rf ^wLj jl (jj^ L<*a > 4> 

ULa) 


L>W4 ^J^L>- ^L..i (Jj^f L JiL <^rla..< 


*t (Ju j>. L$ 


. _i yS S Joi y) Jjv4 <-^i i*i~a <JXf jf jl 

$jt^j) (^jlwjl^wl Ip—>- (_^L^J J-4 (_^JiJUd—l 4*^JlA (_£ 

<JA^ (_£j l.^4 ^ i . * Iq^ . »v j 3 £-1 l^j ^L^-j ^S^a\S>C<A i^SLjO OjLcAj .L^>*l 

. JlA3 ty* O L“° \j ^pjij .5 ^^-4 lO^Si J (Ja^ ] a -*l- ‘ - 5 a^(JU .■> 1 4 j ^ jy* 4j 0 L P p ■ w ■ »■ 
4* (_^|4j^4j JuL il l - >. . . « J *I^«A (_£j L.*m.> (_$La(()) L <O UiaJ j^ljy* j^>- ^j>LL*C 4^ L>*jI jJ 

4^ U- ji i^Jo*o%-A .ij IJJ (5 m!i I i^KijSv L £j~*a j»L—^1 j* 4^ JJL** 

J |ju^ U .C^-l *L L^l 3j y*~j*. j juf^ JJjJC J t^-S* ^ I I^J^I i> j^ L l 

L*l tCwl j\yl$ (_£.Xfc<4 —> ^L^-l {^\j> cJl^ jl iljy>-ji Aa*^} \ .i^w aili jaj^l 

.Sy*ljA |*Uwl J* 


J kl A La 4.J^ ^ I J uJLb C^J 4* *w > J->-« J l..“ X I il fl “*■ j 3 I I^C ^ I 

L ^ 4i OLP n*.. * t^j ^ j 1^ l ^ i.>Lhi»j^ j 3 . ii ■ >... ■<I aju^ jL4——w w>L ^j jA 

(_£La<J.>I*** ( j**™ * L» OLP |^ ~ ■«••> t m j* / 'Xj .^>jLw j\jiy JsLjjl oIjj \j imS^jzS 

1^ $s*» ^ j l. <-a a 4 (^ L^aJ j3 cl>Lj^ lL>L_j^ jj^lj 

• XlSj^ 4> ■" »I - -^~ ^ ■» ji iO L v (jllfcw* y*-> ^ j ji . JlA 3 JUflJ L I 4 j 

4L—< j 4j 4^ < lj L«-—» La 4 J J to JI 0 Jll^JjUS* J 13jw ^4 Jji. * . % « 

«—> L^Cj I (^JLi '* 0 !^ Li jib a^l.fl.~...J iC^-l a-X-i aili lL> L jj ^l^ijklj^^.0 

j$ jltl 1+ 1> *jj \j Vi b^Mi Li y *** ^ Lf* J ^ a ^ i n " • * I tjl^XjL, 1,^,^ 4 3^*»» ^4 

jLj L* (_£jjja4* jl aj^j j_jjIj (^lA4j^ix4 oLjy jA LT'-JL* (ji^ 

jaI^>- AL 4 ^ia.. < jj iC-IL^ 1 a a xzS^^piS L oIp^UpI J^Lj {jt'**. 

'*y. 

jl^4j jj^lj j ^ ..t " <.N», 4 4^ jii**a La4 

j^jL, Ja..^j uoLJ ^- ? ^ 3 *cjj j ISLij ^ 4 <mi I (^LpuL jk>L ijLw j.M.t» Ja -— j 

Ju>Ij iJj|a«Lw 4 * JyjLw dL-wj4j 4^T I jjij l_5 (^L^Aib jl (_^JSJjlL# lLi Li.Jul/L jl 

jljlo 4^ -*—/ L ( - ^j4i^?4j JuL 1 I j yLiLl^ I jA •Sty** . X mIai * (_£J Lw J Iji I ^J* L>--y 



t ft OLP wJlk* 


bj^jl A ^-.sitkA J> I i>^L« (^t^l^wJ L 

(jilji Jj - J i L> o-^ x*^ 3 -^X 4 t*^J ^.J s ^ 3 ^ c S^J3^ '3jSj\j* 

j ^l.«u< <jrLl_jj L^i> C—<J ^.>U ^jj *■^ ' ■■ ‘ ■ < \ J j ^ Lx .■< ^b * 

._Al£ u-jUCJI J; bljJ jjjl jl *-£* ^ «^jLli-| (jJeXf U jl ».>Ia 1*J b {_r*$*** J «<bvi [p ^ 

j3 4^ Cwl LX^b>- 4 j i^oJi L^^~* [j 4liJ jlS* |*1 *j^ 5JI ,/* -kb OLP 

jl JjL jL-/4-—* *Xj jj-^> I iw^L^wl <_j | l_^^ r (^ri w r^ s i-^Jr l 1 “7 J U^* j^ 

jj i.S'U(^I aII? v j\ b tjki5" ole** I c. x ‘ . mJ\ Jj!h^ jj> almj j LSa> pXj^^SJJ ^jL-a 

^k; Jj Oljy tfUnXl? <6 <i-M (X^i <A«CX *x**i> CSJJ^ 

ji £ ltt 4- J oL<al^4 ftlil—/i j-5 oJa (jz** £**-!> U 

JlJlAj 4j <_$jU <jjl b -Sjf jlSx Jub jjb 4^ Cwl ( t j£-*-» (_jl^>l^>- jL* jl) 

<-_jL?*ujI XJ_yOLP Uj •** _1aI^*u j 4 L—j^4j 1 ■> Uu-1 

• X*£ J; 

Jul «^aL« ^iwliK* {j£jj b ^jSw il—/I jl^AlwJ L . U . « Xlib j ftj^bt *OLP ■■■ _ • ■«> 

'■■_■ .<> *$ C^wl jl ^L^?| jJ b^wl j3 .JlS JwJjJ C^3 4j \j Lii J- 5 jjb 4L^*»^4 j ft J-i 

(jl^jj j$JI ^>1 j ij cS (_5j 1_.[; oL jj SxifJjZi? 4iij j15*4> ^L^ujjJJI JjL OLP 

(_^J «Jj lOjli-ft jL*4*j ic-a. b . ^ v4 jLfjjjL*/ ft^ljcLwl^j^ft J (_^i[^l 

C*--ijJ ijl j Objj jb- 4 C^jb- jl^-^i jl <o-A—> ft^jAj> j -—^4 ^j* Lja* / 

•■^-^LT 4 (_^b*J (jlA4^^. J* i J^ A (_^b»J <^1*4-1^. jl 

(^jL-4^^Jl jl5* (_^b Jj O-jjb-w j3 tA—ft) <Sj?C~a ji ^bJ^p 45* (^l^A 

J 3 J <C -^I (ft L>H 3 L^.Lrri 4C ^r^ (_^b*J 

j c^bbj^j JUcI j>\ jt S^a x^Lft) (_^jL-ijL*^A L ^LbJjJ o^L*< 

rfl jU (jSujij C-^>* <-j^A>- 


jJij 

Ob jj ^l J iJkAi |*b?v>l j; • (.|Jfl X-^At OLP |»« ‘ “^ •*• ^I 

C*Sj^ jl oLl^ j! olju* ‘X-S" ^JLui ^>b (_^ilaX L |^^a» 

«cjj^x5jb j.^1...1 Jajj^X b t’ili (_jl^LC^w ji Lftl .Sjf fslJ<Jtj*-0 jjb eX (_$J L/4 . j ...'.^ 
<^jjb <^jLJ-u |>^ fc .. w 4 LaIIiX ^>1 (_^jl—^4^X *x 1^* xjj l$IaILl>- ^^ 

«XjX^4 4ib £*Sj^ jl ^b-^j 4> *£ i^aL* 

4j <objj jj I oUMbl j* i^$S«*2~4 .c*—<jjL #xx$J \jr~f 

j;*! *L^zJL»- j3 Ul ojb 4j j^b ^jjl jj^* 

* 3 JJ*Lr* ^ LT^ 4 Cr^* 





JujIjJ Ju^ tSj twA^yhSi 

• X t iS ^jA (_$jL5v*a jl —£j ^/a>^v4 y pA L oLj^ x> L ja (_^La a^jj 15” 
p i ..«....! *JUbl Ja>- 1 4 JUb 4^ w J^Ll u^JLcJ *jJj Ia oL*j^ *S <sj\S (_j l^JL 

4 ^ ^aIa jlL OLP p..nh»i <^)Ja ^>>»a 4j .-ijloL yj L S? Lj^I (^\y ^j^La L 

aUJ (J>\y .A^ oljl^o^j \j L$J (_^1 ^mIIjl> Xljli j JuiL £ l^TL^j a ^ X_>. (_ 5 ~Jli - A - ■ ■ •■ 

«<—-w^£jjX .XwL (_£Xj X. * ^ ^jLj < p........ . < oaIaIwI A jy* Oi jjj ^)Lj Ch—>1 |*yl »<w*-LIa £jj| 

L ^« ■■.-■/ j <ti—^ ^.Iam.** 4 ^y+S *-*ky J_^—' jl y i'iu- 

j signal (^Laj^—a jAj^jJ (_$jIwd j_ •.., * 1 ^ a^&I^p *LA4^b^ ^1 jLy^A 

.xj$ fjL iSj»Aji i^yilj Jill* c—jA 3jlw^^ jaIa I; L^>L(<jy **. W wait” 

(j> La..» a 4 (O l ^ La ^ 4 \>y j 3 4^jj j ff* IAjj.,.■ 3 aS Juaa jj Lm> «cj^5" 1 * Uj I lj LrJIL^* 

^Laii-I ... ^ .(I/O) lyryj*! lPjlo .La^-aL. 4 , 4&L .xi—J 

(_£jLw4 j ... ,1 (J>\y Lam,<L-* ^Jou^# aUJ jA OLP pi .—...) C^jLIa 4^Ja ^. . » A 4j .[&] JwjIa 

j^Lw L J?LjjJ ^ I/O oj^ji —#a .La 4^L.-» L ( - 5 p ^ 4 ^ 

^jiw^ i.. lt ) ^ La Am< 1 <..>■ (_jj Lw ^wmi j 3 Li 4 ^ 0L P p. ■■«...«i ^a j a . j zS^jA IXj <w^-«*a J 4 L^a l^x 3 

4.^1^ ^jLwjLijAA j c^.4.>..Ji *oLj^ ol^>» |»1 ^jI jl^*l L^j 4> (XiL 

•^tr* 



|» Xw^w 4 j 

jjj—(_jL^aI^Xi/3 j^Lw j) jLJxiS' ftiLaJLwl JL^ ji 4^ 

3^>- 1 ®xi5LlJ^i ^a 4^owl jl L (j^jj4^L^ 

L^lflj 4^»-^ 4.1 x ^.4 xL iC^i^ bj^j L^Lj^ aJS j 3 OLP pi—-W jl jljL 4^JI .xS'^4 
-^[5 i(^jl_j^J (j;l J» 4_jj^i »[i *-£; •ijS' J»- J; i)_^^ J- 5 

(^jL^>) i_|JA 0 L »J j 3 eiLfllwl j^j C-viji 4j jLj jjJ.1 (J—w J .OLP p " ... J ...I (_jl^ 


.tl—I OLP p " —— > 4> oJA IiL ^3 

-—i> .XjJi 4^, - w ji y * 


Sy^y* (_jLa 4 ^ JIaI>I yLj 3 u^^lla .4 cJuli .Cwl 

L L». _ ji r ...^4 .OLP p ~ ——) j3 4 " jCvy ji 


(,^1^ Lp* ciTj i ■ * «4 ^J.jL$4 j L 4^ xie-Ll <l>. ji^ OLP (^L^XL—w jl^Lly 
1 jj—^yl lo^aL jl jly^ .jjfbjf t^Lf L_^ 

jA 4^ ^4i^lA i*XjI (_^aL^IaI plJa^^L* 4; »OLP (_jL|XL— iZ**yt • A^ ^ 

Lj ^ w4 iLnj I (_J*^L» 4 j^A .tl—'J yk (5y-j 4aLlLwI L yj jj \j I^A X Lw L J Iax^ jl 4>L^^(5' ^A 

jl ^*L< ^ILi^l 4 .S y ■ ■ ■ 4 Jfcfli j jLj jiL) o jSky iSjj** 

J* L^j^i J JLfr ((J^aL^IaI jl .Xl JaIj^- oLj^ jh (j\y p i . — . - i qA [ y^> L-Xlj-1 A^jlf 



fPY Cim.lSLX 


j j) OLP pi,....* jl ^ cXi^jijjJ LI »«^_jA pSft sxaTJjIiS* >— 

•■aLf ^Lj 4 j Ojji^ j <j^a jl ‘V^Vui-^ -V^cr 4 *'** 

.ijb I OLP *c— i/>l J*li jljjl ^UXjbj* j* *$ 

J jb j^-** 1 1jp**JIS* 

.C—I u-jL—>-1 (^IaL —A * J A* C^j-i j»AP ^jUx. j3 

1^ I ^ a 5" jjjk|^>- 6 j Lai— I ^> Li ^4 LSaa 40 L P n« »;•■< j ^ ox— A ++ *ty \j> La 4* iij* 

«di,ii_wv«4 ^>J <_<..o.ft 1 . a—L <c.,,«>b a^>-^ n » jj O 'jyj£> 4> ‘LO^S" 

jL—i Jjlj* Jai- £jLi- iJJ^ (j~*± * A Cpljj j *S.J^ £y * 

oL yj 4 I. .ujAi 'Lj^ (^jL^Jslij j —«-j a—L >ji iS^yj^j^ [y* jl 

C~—-> jl I; Sy* ^jt\j[$ OLP (_jL^ 1 ———/ tXyl • ■>!■> t'j'jy^ ‘Lla^- irA^J jiV <4 j j [5 

-U^Lf 4 

j— p x->- jLxJ .yyh^jA |»L«Jl C-J—C3 ^».—-• > ■ c-w-J oLL^ *1 a3j* jLS'jl ^jL—• j$ 

4 — L I; Olj^ Aj —J Axlai C—- t-tf j -^j^i J* 4 *^ aJ j-> L C^A* - 

j3 «[; US' X*A* ^J-^'Lfrob £j*\ jjlwb L ,ib {jtjy *I oLj^ ^ 4 4''"O aj . 

nZ^jyuP ^>1 i^S"A—1x4 j <A 1 —L oA— aLw^j CAD |< ■ ■ ■ ;■ ! > oLdlx* j3 a5” ^yjy^ 

oLL^ ji a>Lj^ L [^ aLa a^. £y \ c—I L^J <aLjJ -l^a^ <^U-* 

oULt jl ^Laaj^j .xi —a «<_J—a aj o—x ob!> oLLa:» gy J^Lx 

^ >v4 C-glftxJ5* A,x,iw? C^]/^ U^A^JL^ XlOjLx 

J * (J j $A > »■._■. 1 > 1 aL—*(^ b-^Lx- L^jL^wjx- t(^|AJai 

. ijA 

cim »iiL—i r-sr 

^IxJ 'ULw cSjZ* j $ *$\j OLP JjiiS* pi—»‘-i. 4Cim al£i—J < c . .a q^L Oi^ a^ 

j) ji aS' *C—I pX—- C-^-X i«4l —a q^L)) jl j^Lx (^JAi '[^] ^ 

6A^£ ^ [p ^L«x-I oLaxX jii— J iXxtj— ijlSw4 i^LXaJ i—a—-*^^y J - ^ 4 ‘“^i 

jL?aj (_jl^ J-^L>- ^U^tjj JiV j (.y^ ltu *Sr^ a * 4 ^I^Ia- 5 

. xl aa!^> aaJ LL_4 cjLbix q!x>JxJ 

i-SLil^f j L^Jjwi 

v5,:.t.. ^jl L|}T L _j <iji_< ^a"....-* CAD C-%—I Cim c-i » J 

jljs .xSc*ilj> ^U- CAD ^jl .(<Jjl J^L; c-U^l T IGES 

1. SILMA 2. Initial Graphical Exchange Specification 





l U>^* ,jjl *j!i jLli ■,*»«■ L d»~ cri^ i y.J° '*jy 

.XjS.'y* Jj-iJ rjia—' l j* 

L^J <1^ UoJ y.1 l j-< Ji^li -Lli Jgi J .<»i»-^f r-^li— (j— I^UmJ "J-A* (jl»J ! J jlli-L. 

£jJeu- jl j-> .C«<—i jjl ji , jt^’ 3 •***■ J* j4^i 

*Ja_ "Sya-^I £jti~.j\ ij\*£-j**iA.''M* .Jjb *—'Jd ^ a ~ ‘•^i '- J jy-* K . 

C*~l (£*** J-A* *jr*" v? *ji^^ -X>J ^i ;^" -- 1 [| .1 «_&j 

CAD (_{l^« *— .W L t^tr! 'tr~? , * > J? (^M ,w (J“i^ (^*1-“ 

'jXpzj-tji j\ ij\*£-fj>yA >LfI J>» jjj I .Cjj jkji jljl j~ J; l> jtj* '<X>*^ 

.JuJbJ^^ jJ-5ww 1^ W ]•>■■ 4# OlCyU? I Jjii 

\-NT J£_l .ij\i *y- 3 jLj* '-^->;y £} a ~'s. J* ~ - ‘" * 

c~.l J.^j .jl>; j,j»aL. -~»3 ur * ^l»l uJ^frAv tj^s. j' 1/ 

(^JU •■ J, «*~-'I • J ^—|»—y 'k)E~^7“'..0 Lf/“—• ^k- 4 " jl ,i4 *—*' V f—* J ' y J 



(.(Ua* C~+** j* V»Jy4j rJa— crtl*** J 

j <%L~*C l«w »^4 jL. Jju tjJsu^ o^> .^U !v >..l ^ft v»^> C~> — j£-^ j 1 -OwtL— 

■^jes ^ J-^ 







TM Cim ilSi—(I 


u[y. ^j \j\j Jpja> o^ 

jL—>> jL^ij Jsjas- wjj> £*U- u*x> jJ ‘ly^r*^ -kj 3 -* 1 iJ-l» (j"JL» |*a*tJ;^ *^**si 

^jL» - jJi jLjj Jpjiii- jjjb Jj^ ^LnJ (_$[,< «[| i_Sj .ijli jl—I ^yLwl^w _) iLul _/ol—< 

! £ JkLl > j\ ■ t ^ ■ ■■j L . C— ' OJU£ I 3 0 “^-)^ CwWj _} 

uii» jl|j Jsjki . jjJ 4? xjj* ii I, j-U j £»)> l^i cJ^L. •} £jk- 

ZJlul* jl ijj^ilc^w k J^V-^ -*■* ^L<aj 15* L-. (_^l^ .JjloJw# 

jj J^ <Cwj^-j ^yjjAjlw tolCwl *4iL> A A'ta a* {^1^ 

.3jjj15a *jj*j 4-J jj-L (Sjty^ -^L^vl J ^iaw> j3 (_^Lft4J ^jl^lw (jjjj> j|_y^< 

o‘ j* 3 ‘»^ 3 <y*- a ~' JVid c?U •■>/*».* 

<j;jLjl5L^J C-^-t j*~j Jj* 1 j^lal 4 A . 3^w^a &3LlLwI oL-wb*v« <jjJ^ «■ < jI^» jl 

45*^j(a ^ s ~ j j* (_y* 4^ w L?i> Jj»4 j3 ^ilj j* 1—^14^15* j IjJI^^Iaa ^j> >Cj jy^jt 

4Uj ^( 15*A p-_> I Juj La y (_£j L^ l£w I ^i^xJ I j I (J l_y « Jjj I -Aj [_p j Jj* J C^v^w^ 

oLwL»v« (_^j^ j l_y (^1 *4**^ j3 J- 3 ) i> tJ^Z*[r ' •* [V] ^3 

{j^yj ^ ^ Ljj I ^3 I 1 *Ci m e L$< " ...»1 ^3 .3j^ j L5*4j j^» 3 {£jj ^*—'1 ^ 

JLall <j\jt 4$ (jJ j3 .3^^ 6 3lilwl «,jl jl J~SS U i[A] j3 4liJ j1^4j 

C-n^ j^j 4j Jjl^y i3jj5”^ j [p ft3lflJLw| 3 (_£^Aj Aw j3j_jI J i 

(_£-W Aw C^«> /jrfl j3 .4j L X5^4 ^.a-^-1-4 ^ L Lj jSxS 

(^jlwjl^wl ^L. J^5J! .C—uJ J 3 L 1 W L^aSL* u5j L j^y^y J?l^J jl j (3jl3 p p l w 4 ^Lfc4-J 

13j 13 j> j C-*jy*<2 A Lj jAj A. |^-~~ ' >- L 3 ^ 

.a L xS^jA Ijj u A j\sAJ a-jl^- l jl U a5* ^ (_>^ } j b • ^ 

jA L ^jl I JJ J jl—, 1^ jUI/ «(^) Ai^^i j3 »Jw fjw ^y * .l *V 

•c/cj-'jb U A jl j^xLajXj*. 

3 I jy>-J>_ ‘C Sjty^fj 1 A^L^j jl 63Ulwl L ((J 3 I 3 ^j-a-PvJo ^1 >.|-\j (T) aL >-jA j3 J .V* 

•u$ Cj^ Xj I j ^Ja-w^ ^gl^, » 1. s> S*^ 

i^>J is\j* 45* 'L'J.y ^jl-^lA \j f\ — *»\ aAS yj I y^jA i^yy* y*. *y^~ ‘C/irn oL^ t . t,J 

4>) XtjjS^jA jtS jl l^jljy jjl L |»L-^I 45* \j ^LfJU j 

.X* (^jlwjl^wl <({(^^-1^-4 3 j U^f* jU <4 jL-4Lc ^Ua-c?l 

J-^ j i* 1 ***^ 

u5o aL_wjA 1^ <l —’L jj JajJ^ L j (CwJ ij^S 4f 1^> JwL» »3^w^_a (_jjLw4* ■ ill a 5* (jp> jA 

ijl j-Kj-^ i^jty ut ~ i '~ r ^ C-—aL» j! J^Li «|^w^>- ^A (^Je3|3 j il->i Lw ._ilA3^a ^;Ljw 





L ftjlw jl # -^^ W jL* .C-—-<1 ifUob j^jjfl <J>\ji ljL- j 

£jLwb L jl_y|; |* L—a *I .a^b ^Ujl !» ■■■> ■ 4 j i jl 4 I ...>jAj 4$" C «>.»l | j .i.i > j> ip■■■ '* - 
fty_^0 Lft^b (_jiA4ll^b5* j3 j\S <_j|^ j i<wfc^lw L^J J.X* 

^y L jj (>^4 . S>y**> (_j XL< j ^ j Li- Lw O jy*^ 4* 1 * b »» v 1 ^ C-v »k J uA +*1p 

IjPjt p... > - 71 ~\~ \ j 4. t . ^> j jj jPl+^ Jjw4 4$" C *..>1 jLi»>Lw L iJa>|^ 72 L 

xi 5^4 (_$jl«x£**lj 3a—'_y 1 * bw> »J .C^wl jl (_^LA4i-tw^> l«n Jsj l^i)) t C ( 0 Ja^l^))) 

L 4i»L jj-x cx*^ j - ^ jLa^L* ^ {_f* ,mm '^ L< a . ...» jl^»* .( pumal/link3 ^L*) 

Oyt ftib lLSj^ ij + .mmT* ft(i>J .iyt^y* ftJu^L; world jl 4. ? . II J 45* iCw I jJL^? <Jj »4 i»»£a 

j^L# p... > - y p... ** - iiJT^ LI 1 — j& J |» L -* v I) ^Ia4J*Lw ^LS* 

.^jjj5|^-w ^yl 


i^lfj <y/v ^ <0 •-& JL^ ol— y L^>- J.x* jl JL* T-\r J£*t> j* 

i ^^ 1? ■>■ I j j .<~*..J ftj-Ji ftjL jLL (OLj^i (^I^j 4j L t-$w> j 4 (^ 0 ) J (5 4«j-a > **Sv 

,XjS^a ^j . * . 4 p■■■ '> • j>w CwJy <*_~L<3 Jjjw ^bvi C^L^i 4-^J J^4» (_jlAft JCa.* JU»,1 
(^jjl 4> .JuA3^< iJi.J*'^ 4> 1^ iSj^" 4 ‘LftJlAi^JL-Ajj ^J 

ftjui ft^b ,jLij L>4.^i>j J3 *Jjby \j ftJ-i (^jLw4 ^ .. ,* XA-iy ^1^*1 a«LX ^jLw4 j .i t > 

“gripper” .“pumal/linkn” iiJj. ^Ljjiw^ iJLw^ I, jjL * 0 \ly^ «T-\r ^ 

c^Sj^ 4j *(^^) “bolt” L j (oLjj 

^JJ^4* C -s■ ■ ' I ^jSL-« jw ^y jJX-4 j$*j± |»L-a^J iJrfl C^Sj^ 4> “ ‘ ^ ftl^A 

CJJ jl ft Jjb 4j «Ubft JlAiJl-^jl JJ^4j L ^ jylp* jL>-Lw j J 4^ X> j 



.yL^>- J^4 C-^-^3 jl JL* Y“ jS-i 





f Y \ Cim 


t-w. j 3 \j y 3 Ul. I ^«*twJb Aj \jy~& 4j i X>y—t t 313 *^Sj^ A L 45* ^-4 L * > I «A*-^* 

l^I ^5 jAA 3 JL«aj| AJajjj J .^l^- j 3 jAa jl {(4>-Li_4-L J)) iXyl^jA 4^~-Uv4 ^3 

.^wAk 4^ 

jl jl 4^ J, (j|4ki; ■ jl jliw* 4? 3jl3 3 j>-j « ( _ 5 —-)) { L 4> u-*—«jlj^ ^Lf>. Ja. j3 

y—^ C?Lfr^iJ jl ^j-- 4 * ‘lT" y>^X(_^ jlf> 4> 

^t-4 .3 13 C-^> &1jAJ3 aIsjli 4j jj^S^lj^ »^*>IaaLw« (_j[^ jjl_^*(_jj-^ \j (_^-—'AC 

6jS 4j ^wAC <LSj>- AjLj^ 4 $ (_£^i?L A»3 jl 4 j ^ ..«L>» (_jl^ 

•^LT- J-^ 

^Ll>LwI (_j* \j 1 3 4j L^jlwy^»j i»*jImA*jI 

4j jl^j^j* 4 i j^ L* (_jlAjjL JwL* a J . i** cf ^^i i> 4 ^ 

«Cim &1£a—< 1 j3 . 3 ^ 4* La I 1^ La4 A> » lJ - ^ - jb^Lw 

j IS*, i ±jJl t A I((11 Ja> l^i )> ej I45" 10 L jj Jsu jj ^ ^>-1 (_f 1^ < (_£ La <j£ I 

t Sv_> 4i 4^ fit JJ& .A^U^y* ^yj ^ k ~ k> \j (^lAdAA* b ^y.4. ■>«. '* - -Ajj^y-J 

t^y#j3b^ n...> L . Aw (_£Ia4J3(jc4 <3jA e3l3 kL*SjP~ jL«^* «C - nwI &A*-/ ^y^3l>- |i* ■■* 

t V N (^-j) “bolt c^S +>■ jL*^* a- ^j ^ aiaI^>- c^Sj^ ^j*l^ 

y <Sjj*C~* (jl.^Jaj 1^) 405^ iJjjJL 1/^I pumal JJblb ^Ia4]31a^ 3^«»^4 t 

. JC.jT Cv>5^> Jpo L^l Ai a <^a. 4 1 *L«* > I 
j3 L« I iJu5*^y-« 4>. — >1 ^y^oL*j_^w (_jL^—pjj jl j^ 3 ** a 

L ^sZ[^—; (jlfrlyj jl .3^ jL54j jj I; Ci^“'Jj I ^jSsrfw* jU 

^y^woliw* C5jj^ ‘—Sv <f“ ^^ ■■5^ a-ibu —>\ jr 1 ■*—'SXJijyf 4 L .'j4j 

i |^ ^j* 1 l jl)J L.*^ l^> ^ L5” 4 <J b** 1 Jj J !^" l-Sv j 3 6 Aw ^j L. 4 amw L< 

.A-L^l^ L^iajJ^ aAS <L*$J>- 4^1^.^ j3 jj^lj {_^T* ^V "* / (_jlA4j3Lfc4 

4j AA<I y\j* 3 ‘^.J**’{_$'*■* jL (_j^w (_5L& j—?yj A 4^^^-A A ijb^Lw ^|||3 

.a^A J--Lt icJU [, 

I* L^w>-1 aj L l^w.) I 

03)3 CA*—w C^Sj>- ^l^AA j 3 p...^ jb A Ja- 4 jLaj A*/ j-^jj^J j_^i=A^ 4 j 

4,c ^j jLS* S—■^ <^-wl jl-j jl ^L” cJU j3 

4 4 ^i > J j3 . AA3Cw>i34 j c j L*j j I b 4j 1^ p ■ .. •* ■ _^A ^ ^ j 

^l^>- (_fjLw4^^ 4^u ^1 y tA^w j^Jal. 4 Ja. j 3 |i ■ ■■» ^j>AA>- AA>- CwI 

■ AA3^J ^ l| jl^j^A 

^ ...c 4 AIjv 4 j ,Cim el$JAwl jl 1 3 IaT■ ■>I L i i)^_y^y 4 \j j~ ++* ^^ AA A 1 $I 

j J jA . A^j j L5aj 1 ^ ^ ^ jr ^* 4 Ocr*’ tA 1/ ^ ‘ Jj , * JL4 c5 La R P L j 3 .3^ 





^4 


t aJS *q k »j*i^ jm*Tm* y+t j* ^ 'u*)^ ^syy* c^Sji* ^LfU j* r- \T JSL: 

.J^SS \L>Sj>- «wLj^ j^ jj&j l «■ » ■■■> j\ • 3 lu— 

LT-tA 1/ J=—* •*-A-L» ^aiw L JJ^K jlfu* L Os' 

A«—«L?v is]y \j SIL jl*j *J ^Ia ^ ..■»^ ‘j y z i: * .3^5" ^a^JL.4 ^ LmIa^ 

^ c-.-.a I j. t-Ua- .c~i> .ul^ .^U aL_ja, jl j~~jv 

-Ajv C w )A ( AO (^laoli jl o U* ..J L n ; l*...J jyOK Li ^li Ij l kj. ..•i \y 4& 1 

(0~~ I » J*L ^,n L ■ * . i jl 4l *> UJ \<JJ W-Li (_> ^ J ^ A^) I f jmmmmA . f “ \ f J i 

aL—^aj jL Jx« ,^il .c—.1 ill jJj? CAD Jm i-C (_flji ^Ci- jLU 

.Cv-I .xi ^ tf/ii CAD jl ICES c-> 

U'U*’ tstkjj^ 

tl£l*wl *S Lb! \j «— j ....« ^Ljl yL~»>l <b iJut ob »I^....i iflftjg*..«* 

^$w«li>3 (,gjLw4 ; ... *. £\ ,3jj jla J 3 U* ^ajIj (_^Ca ^....« t *x& ^iw*L^3 Cim 

J cJL>- je— >* aL^. a^Aa j3 ^yulj j&* »l£jl OjgJ jL*j| 

jl .Cifll *t£l«J cJU j3 .jut JJfclj* .p—>• jl 4, ^yy» J y^s j^li 

sL*SjM a-—L>u- \j\y y .X5*^a »)UL- |*l—^1 jAL* (j \Jkjjl ^1^ e.J^ *»• 

^ISa; j; Vj^ y Lfil j?\y fL->.| 

-4-^* jl 3 ^* ^ ^ cJL>. «cJU jA j* .yj^ 

A>\X~a? Ia ^1 ^-—— ^ ^»Lm>I AmI^ \j ji^« 

l RuttRe-Kuit .1 



f-\rjSLs 


^ jl (_f*y ^ dL^oii ^ ^wjt£ 4j LaJ 4^jL^ 3 £5j 

• ^ “ ■— ( ^ (J ^J ^ **^^** < f £j^**** 

y? \j i^S^y* J>vj&u L dS oLj^ -m». jlyt^S^Lo ^jLul^ cJU- j^ 

J-i ^ i-L-z^Jl^pl <j£ La^ j*J J* \ j> >—»L *^“ ^ V* jJ^w jl (Jjl—nL^ 

jj|j-4 ^y^w*Ljj p. ... ^ ..» jb C?jL,*.^ ^*L£lA <CL.w Ij -l£j 4; «3j|^j|^i L^j I fj~j 

dj J ?yj* ^Lj C$Lfr*i^ jUJ j «lAeib Cilll el&L-J tj^li* 


SIL jl j 

‘'-^r*—' 4 ^ L c?^j^* (^Ub«ulj^ -)Jl_y^4 *oLj^ iI 

J* <-SjiJ<_£ 4 [^]SIL **. j^J *4-0^ -* L } tdj^-^y)) 

Iaj^j—/ i 4> — l r*y* ^ - “ ,|4 jj- *'* * j f o .i ifl~ ■ ■ » IL ft j— i^lju^^ o L-Lx t j U^j I () oJ L> 

J jij*- 4 ^ eX^eilil^l 4>*) JL> ^A j3 itJSIL jl j d> 
{j t ' "^ > y M jl Cim o l £" ■•• _ >( .xS^» .*Lnj! \j SIL idm «1C*... J (ju^Lj <*,>. 

'“^LT 4 »- a ^ : -'l J 4 Ji^ ' p- 11 :" 1 4 0~* lAU- 5 <-?!/ *u^3r* 

j jJ- 4 ^ ^ (jLj Lmi SIL ^jLj 

‘jl -^lOjLc (_yLo jl jl .C^wJ 

<.^Sj) frame *(jl^ ^•i) point *(c-oL ypr «C_ -r L^I 

moveto ^*^yy m j *6^—ji ^^jijij jl diy±* ^ ^ <(^*A Jlo 








• J-a^ •> lj l*' ls4^ 0-—^ J^ v J °^X> J 1 J^** 1 

A* 1 . <SIL ji ^j* ^ ^n,‘,< «-» ;" -*j> tfl* C—<1 

j£J 4^ jy^* j* [/*J ^ SIL 

l» i'l; JL/ jl; j u^!/ 5 J J ‘i^jt) isJ - 4 I-* |*^ J j V* *! j'j’Lf' -*-*^ 

•X.UJ iIjjC jX »XxSoUl_*l *->jy&(jh j* [>ij •■ijls cS>l.J iX**l '<J*r^ Ol*l alx*. 

foo 4, \j (tool) A I ,moveto(“tool” , foo) jj—* .a^L-,^ ^U-x [, 

J jbj* <-&; *w»y^./4T ^ J^ji *-^S I cA** j* ^ 

(_jl* jj—* 4. SII. .4*«_X ji .xXl ( j\j 3 * J^Li i»ii) fjiljji <-£; l; ) ‘Ijlix ^1“ ■&*») 

.rotate .jog .jmo%-e .move jXU) Jiy/^ J&*i J [r^ A J 1*4^.) j* 

.i,U jL (translate L 3 

j>\i \j 'J‘ x3 JjX«i ‘^IL <^V) 

■ 3 A<j“ (**!> !/ 4*4 u-l (1*- £j|? 1 ~*iv** .> J* 1 ** i X 1 : "- " ’ * 

j^#JsSw 4# SIL 1/ ./•> 

j^tr* ^LfU'y. Ojjiw j; zyz_^.jl isLIjj tfl*—1-1 j?l *,j{J/.4 Jt-V 

t^_ iUJ a, .jy ^j A* j* 'i 3 yP r £> j^ 4 L» o' 

iSjJjb 4*** jb - u 4*l,j-* tS'je^* 

Ja»-4.Ja^ \j 4-iCj. J* .1 Jli—L j Lj ji SIL jLj 

,}j£ ^-4 l^a*> ...... - jJ *Sv Jail 0*j$ ^ j^J j* J* £ [r 3 !* 1 



fYO Cim 


j cJj-> [tj <a jk c^L-- t LISP ia^^v* At SIL ^sju**kjt 

1^ 6 jjy ji <L-^li^t 

SIL jL j iLISP cJL^ jJ <-— > jy-^\ £;k £jjl ,< ^^ 4 

»1£jLmJ ^ ^-1-j .C-—11 oL* Lx ijli—»L XjU jl Jhi—- j <^^5*<—*jk jl^ur* l> 

(^ju jl>* ^L^L" aj t JuiT a-^LlLw! 45 ^*1&ia SIL jtj a Oim 

SIL ©xi [^j—S J-alc 15 .jas^jA ^j. " .««« ^ jl jL^I^L X-»L* [; *x5^* <iL-d>l 

Cr*J C*U Ol>"(X* i> 

jU J&-lj jkj jl ll <lJ U^ -> iCw l LT-f** J ‘SIL jkj 

^**5Lx—*r L jL*<5»j ^-*15 L |^ <x^\jft x l_y (_5^ *xi5 ioLi—* 1 ^kl^i 

e-Li ok V-NT j ?~\T ji (^lo aL w jL~w (^IgJlL^juS’oLyC *lj»-l ^x » 

Jujili kxl> .C—ili JaIj>- ‘l/ - '-/' 4 '* (^|/>-l jl5v*l ‘jl jl j .(c^wI 

|j |*Lj aI^L- 4 ^Lfcj^-O .Jul5-L loj I L 4 ^»Lj 4 J.iL-* L L ^ (^lAjjAl^ aL—/ jA 

^JtLi xl L J ) ok (signal) Jkl~-, 4? ^Uok ^ .xk^ wait ^ signal 

1^4Lj jJ^j Jo ,^j5 <— J L?Cj J SIL j^5kjj5 {J^^y jjL -4 J 1 j^'cr* ii .(jLi(wait) L^I 

At Jpy jA (Jp L^i j Lw A-X jl (jjL-*w .Jk>j*5 j>J-^ |^ ® J-»w I* ' Jji jl <1 

(^U T Ojj L^c_jl ;>,! \j>j ‘ J ^(_j-* »iLt—I J^L— ^jr- 1 * J^i cjl^j'jl ■oje-'^j'l 

if |i _ - .1 ■* I-U^li Lb 0 j I ^£jL»%w 45*1/0 

L^c_y jl (^jL—u ^jy I 4? (^XjI^ (j k j Oj^^4j jl_y^** |/ SIL *4^?^i-j_j]pA 

Jaj (JjleXi AjL^I jl At 0-i_i^_£jyc jjX jl C^Lf*ik ^ 


process pumal(is^ok: boolean); 
var x, 5101 , 51112 ,drop: frame; 
begin 

binl:= [40,40,0,0,90,-90] as crt_zyz; 
bin2:= [20,80,0,0,90,-90] as crt_zyz; 
drop:= [0,0,15,0,180,0] as crt.ypr; 
signal(sensor,ready.true); 
wait(ia-ok); 
if is_ok then 
x:=binl 
else 

x:=bin2; 

moveto( J bolt’, drop rel x); 
end; 

.(uJ4 jjkj 4# A*J*jt Si L jkj 4j 0 L— A~ ,..! y ?-\r$A 

1. Bool 2. Port 






process puma2(is_ok: boolean); 
var x,binl,bin2,drop: frame; 
begin 

binl:* [40,40,0,0,90,-90] as crt_zyz; 
bin2:* [20,80,0,0,90,-90] as crt_zyz; 
drop:= [0,0,15,0,180,0] as crt.ypr; 
signal(sensor,ready,true); 
wait(is^ok); 
if is_ok then 

x:*drop rel binl 
else 

x:=drop rel bin2; 
movetoC’bolt’, x); 
end; 

.(ijjut jLj a# J*li) SIL jlj a, V" NT* 


U<uL*> 

J,L; tZjjj*& j ** <p^ 1 nT.^I .xS |f 4^L**>- <q> j;i X > I Cim 

La a .1 in .-^ (_^l y J e i [ “* - -■ IL JjI y{j* 

‘La<u-L~*- (JjL-4*^ {j\j> jl JjLji £jd j* 

CwLii j Ja-^-4 jj olil-J l (j\j> (jjL.4^ 

J* j) Ori «*lL>h>v* ^ .C-JjiJJlSJ 
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1. sequential 
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PROGRAM PUMA2 
CONST 
IS.OK = 2 
SENSDRREADY = 3 
VAR 

X,DR0P,BINl,BIN2: POSITION 
BEGIN 

$M0TYPE = JOINT 
$TERMTYPE = COARSE 

SUFRAME = P0S(0.0,0.0,-950.0,0.0,0.0>0.0/') 

JUT00L = POSC-0.0,-0.0,334.962,-0.0,0.0,0.0,") 

SSPEED = 346.41 
G336: : 

BINl = POS(400.0,400.0,0.0,-89.9994>0.000508,-89.9999,") 
BIN2 = POS(200.0,800.0,0.0,-89.9994,0.000508,-89.9999, ") 
DROP = P0S(0.0>0.0>150.0,0.0,180.0,0.0,") 

DQUT[SENSORREADY] = TRUE 

IF DIN [IS_0K] THEN 

GOTO 0329 

END IF 

GOTO G332 

G329:: 

X = (BINl:DROP) 

GOTO G326 
G332: : 

X * (BIN2:DROP) 

G326:: 

MOVE TO X NOWAIT 
END PUMA2 
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I Jjletj CjL Jj (J*l> 

‘OLP ^ ... : ..> aL~-jA 4 ^.Uol J^U (jUjli* jl ^ 

(ojjLS* a-J^aj ^aL* t^jjL a5"(^I^CjSaj iC«wJ {^j\S ji 
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1 )^. a-tr* J* ''*')»J (J^.u lA J >J 3 b 

»*J t IjS^jA C-tjy^y iS*jy*y. tl 4$ J^S fj^x> J *^*A3 j3 \j 

' *jS{j* ^jy~* ^ If l£ ^jy^y. .-LlS"olaLwl jl jjL (j\jt 
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RxW) = 


Ry(0) = 


Rz(B) = 


\ 0 o 

' cos 8 — sin 8 

° sin 8 cos 8 


cos 8 

0 

sin 8 

• 

\ 

o 

— sin 8 

a 

cos 8 

cos 8 

— sin 8 

0 

sin 8 

cos 8 

■ 

o 

O 

\ 


(\_cJJI) 




(f_ cJJl) 


j I L i—- j Lc j j 


^ L ^ ■ fr L Aj Ll y jA L»b i Lv I 


sin# — - sin(-#) = — cos(# + V°) = cos(# — V°) 

cos# — cos(—#) = sin(# + \»°) = - sin(# - V°) (f_ ,JJ|) 


jl JJivlijLc # T ) 8\ j j 

COS 1 + # T ) = Cu = CyC r - S\S r 

sin(#\ + #r} = S\x — C\Sv + -S\Cr 



JJI c 


cos($* — “I - 

sin(<A — 0 r ) = s>c T — c^sx 


(0_ .JJI) 


L j>\j> <Cj[) J \juy**~4 C-AasjA *£y>*?yA 


c r e + s r e= \ 


(?-jji) 


<x..btL C j B * y\ i^-wl*J 1 j «c ^ *b t& ^ 

-’>■*'lt 4 A —■> «Lf-'_j~~^ j_yli» 


A r = 5 r + C r - TBC cos a 


(V.uJJI) 


»l ((‘•ijb * -^y.j* 


u — tan- 


sin# = 


r 

\ - u r 

\ + m t 

Tm 


(A_ cJsJI) 


a..‘T pjUi-wl jl ejl_\i!dj A a5v J^>- ^ 

Q' — Q cos # + sin 6( K x Q) + (\ — cos 6)(K ■ Q)K (< kJI) 

■ «4->» c—*jj (Ujl; csb; i$ab;b* c^JU _,Lf»- _j o~*. j* Jjl** jl^ji tslf—jjlLi 

.Cwl «J-»I «^» c^.'j-j j.j-‘oj^b j 



Ujj *£-y>*J* (j\j> AjlS’jl#* j cfUib j\J 


j J JjlOjLc jhj\ 


A£-yt*jyA 


Rx'Y'Z'(&, P,~f) — 


cpc) 

saspc) + cos') 
—cas0c) + sets') 


—c0sj 

— sas/3s-) + cac~f 
cases') + sacj 


sfi 

—sacp 

cac/3 


Rx'Z'Y‘{(*, 0, 7 ) — 


c0c) 

caspc) + 5057 
sas0c) — cats') 


-s0 efts-/ 

cac0 cases') — sac 7 
sacp sas0s) 



sasps) 4 - cac) sas0c) — cas) 

sac0 


Ryx>Z'(a,(3, 7) = 

c0s) c0ca 

-5/3 



cas0s) — sac 7 cas0s 7 + 5057 

cac/3 



cac/3 —cas0c) + 5057 cas0$ 7 + 5ac7 1 

Ry'Z‘X'(<*i P, 7 ) = 

5/3 c/3c7 

•c/357 


-sacp 


—sas0s) + cac7 —sac/3 saspc) + 0057 
cases') + sac-) cac/3 —caspc) + sas) 

—cPs^ s/3 c/3c) 


Rz'X'Y'i&iPil) = 



Rz'VX‘( a i P>l) — 


Rx'vx'( a ’ Pi 7 ) 


Rx'Z'X'( a ' Pi 7 ) 


R y , X ‘y'(a, p, 7) 


Ry,Z'Y'{ a iflil) 


Rz'X'Z'i®, $, 7 ) 


Rz'Y‘Z'(g, Pil) 


Rxyz(i,P,<*) = 


cacp cases') — sacy 
sacP saspsy + cacy 
-sp cPsy 

. 

Cp 

SO Sp 

—casp 

cp —spcy 

cosp cacpcy — sasy 
sosp saepey + cosy 


cosPcy + sosy 
saspey — easy 
cp cy 

sPey 

—sacPc.y — easy 
cacpcy — sasy 

spsy 
—cacpsy — sacy 
— saepsy + cacy 


sPsy 

—saepsy + cacy 
cacpsy + sac7 


— saepsy + cacy 
sPsy 

—cacpsy — sacy 


sasP 

saePey + easy 

cP 

—sPey 

casp 

cacpcy — sasy 


cacpcy - sasy ~casP cacpsy +sacy 
sPey cP spsy 

-saePey - easy sasp -saePsy + cacp 


-saePsy + cacy 

—saepey — easy 

sasp 

cacpsy + sacy 

cacPc 7 — sa^7 

—casP 

sPsy 

sPey 

cp 

cacpcy — sasy 

—cacpsy — sacy 

casP 


saePey + easy 

—saePsy + cacy 

sasp 


-sPe 7 

sP sy 

cP 
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cacP casPsy — sacy casPcy + 5QS7 
sacp sasPsy + cacy saspey — easy 
—sp cPsy ePey 


cacp 

sp 

—sacp 


-caspcy + sasy 
ePey 

sasPey + CQ57 


caspsy + sacy 
-cPsy 

—saspsy + cacy 


Rxzy{l,P,at) = 
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Ry xz{l, P , Q ) = 

RYzx{l,&,a) = 


Rzxy(i>P,oi) = 

RzYxi'h P, Q') = 

Rxzxil ,P,<*) = 

Ryxy{1,0,(*) = 

#kzv( 7,/3, q ) = 

Rzxz(l, 0 ,(x) = 


-saspsy + cac7 —sacp 
cas/ 3 s~f + sac7 cac /3 

—c/357 5/3 


sasPcy + easy 
— CQ5/3C7 + 5057 
c/3c7 


c/3c7 —s/3 c/3s7 

cqs/ 3 c 7 + 5057 cac /3 cas/ 3 s 7 — sac7 
sq5/3c 7 — CQ57 sac /3 sasPsy 


5qs/3s 7 + cac7 
c/3s7 

cos/3s7 — 5QC7 


sasPey — easy 

coc /3 

c/ 3 ca 

-s /3 

casPcy + 50S7 

coc /3 


c/3c7 -c/3s 7 s /3 

sas/ 3 c 7 + C057 —sas/ 3 s 7 -|- CQC7 —sac ,3 

— cqs/3c7 + 5QS7 cqs/3s 7 + 50C7 coc /3 


c/3 s/3s7 s/3c7 

sas/3 -soc/3s7 + C0C7 -sacpc 7 - cas7 

—cos/3 cqc/3s7 + S0C7 cacPcy — sas 7 

c /3 —s/ 3 c 7 5/357 

cas /3 cac/ 3 c 7 — 5057 — coc /3 S7 — 50C7 

sas /3 sac/3c7 -f- CQ57 —sacPsy + CQC7 


—saepsy + CQC7 
s/3s7 

—coc/3s 7 — sac7 

cacPcy — S0S7 
s/3c7 

— soc/3c7 — C0S7 


sos /3 

saePey + C0S7 


c /3 

—spey 


cos /3 

cacpcy — sasy 


— cas /3 

cacpsy + S0C7 

c /3 

spsy 


sos /3 

— saepsy + coc /3 


— sacfisy + cac7 —sacflcy — easy sas /3 

cacPsy + sacy cacPcy — S0S7 —cos /3 
s/3s7 s/3c7 c/3 

cqc/3c7 — sas7 —cacPsy — 5007 cos /3 

saepey + CQS7 —saePsy + CQC7 sas /3 

—s/3c7 s/3s7 c/3 


^zkz(7./?,«) = 






i* l 1 j 1^ Li t ill L i ) a j f yj 


jiJ 

sin# = a (\_ ^) 

XjI^ 4 JaJj^ jl 45” ^jli uJj>- 

0 = ±AtanV(\A - a r ,a) (T_ ^) 

JiJ iUvJj^ ^ 

cos 0 = 6 (r_ ^) 




6 = AtanV(6, ±\A - & r ) (f_ £■) 

li^-* »l5c>I tjejwL u^pjyjL* (F — j (^“^) (^IaaJjLh^ jSl 

^ur 4 

(*- j:) 


0 = AtanV(a, 6) 



9 = Atanf(fl, —b) 


9 - AtanY(— a, b ) 


(V- E ) 

j 

(A- <r) 
SJiLu 

a cos 9 + b sin 9 — c ( 

\y>- tJjo -iajljj ^ c-A^V 

= A tan X(b, a) ± A tan f(\/a r + b r - c r , c) (\°- g) 

y_J (_yU4J.il** i 


(a cos 9 — b sin 6 = c 
I a sin 9 + b cos 9 = d 


O'- jr) 


j«j j>j l_j T a5” 

0 = Atanf(ad — 6c, ac + 6d) (^ Y_ 








cO 

—sB 

O 

= 

c<f>c6 

c<pc$ 

— S<f> 


s<j>sO 

sficO 

c<f> 


°/K?? « °/6 

°,rar »/V*v 


L-*' 

,rar 

VV°Y 

<-,r\r 


c6 

—s6c<t> 

s6s4> 


s6 

c9c<t> 

—s<f>c8 


a 

s<f> 

c<p 


\-r 


r-r 


r-r 


*1 k_^U (\ -4 (i” Y 


Y J-" J J [ Y ] 




*-r 


.X-wL (<3jl^4 (JjIAjJp*^*) JJ ^ 4 *-1^ N ^ ~ Y 

^v^[_\ / rf rr,rr rv] T \t-r 





j 0 : JjI lAa> 

4jL* jj £*»■ \A° 0 j vj-® 1|, ^° ° '-{3* <J*3J 
.jjjj #J .A ‘<-M u*JJ u~i 



\ V-Y 


r n-y 


rY-r 


va-y 


r\-r 


MY \4iisj jl (jtjj *j 


Brp _ 

C 1 “ 


■ /kf? —°/b 

o o 

-*/fl ° iKr 9 


rr-r 


rv-r 

• A - T (^Ijv ji >Jw (_£La 1 Jkiil-* ^®“Y 
•A~T tJ-i ob JkiiL# t 


r J-ai 


r T = 


;t = *t = 


C\rr 

—S\rr 

L\C\ + L<fC \t 


S\1T 

Cur 0 

+ Lr*S\r 


0 

0 ^ 

0 


0 

0 O 

\ 


'C\CVr 

-c^„ 

S , L,C 

* + LyC\C<t 

5,Crr 

— S\Sjt 

~C\ i/y.S\ + LrS\Cy 

5rr 

Crr 

0 

L,S r 

0 

0 

0 

\ 


\t = 


c\ 

5^ 


-5, 

C\ 


^ L\ + Lr 

° \ 


\-r 


r-r 


f-T 


?\a 


rc t -5 r • 



o o o 


”T 


'J 

Lr 

o 

o 

\ 

= b s T s g T A-r 


Prip — 


L\C\ + LyC\C T 
£^<S\ + LjS\Ci 

\ 


A-r 


,C—.1 jlj jZ-«|^L 4f n -JL a pJI ^ Y~r 


r J^ai 

.0^1 u£j — 4 # ^—r 

(*ijl-> -M; oi^ “jj* 


#\ = AtanY(7v, -r rr ) 
0 r = AtanY(P,/i T ,C\) 
0 r = AtanY(r r >, r rr ) — 



i&j-j jl ** g-jlj 




jb iJulL Jaj |j j4\ ^ b ai *-£j jl£v* *ijAA 4^jbj»- 

0, = Atan '((P y ,P x ) L 6\ = AtanT(-P y , —P x ) 

0 T = AtanV(P 2 - Z/ T Sr, a - L x C r ) - 0r 
O r = AtanT(5 r ,C r ) 

jiji 4^ 

a= \&~ L ' C 't° /' 

" “ I 5 f - 

.Cwl <_SL_.i <-& 4; (^Lii f-f 

J^uojb .xsS<£jy —a«lj^ 4> V~T ^-A> jl o-t*l ^bj 

■ X±S ,_^AAa jlji IfrLaia t JjJjw ji 4 \j 

:jjb L# ^—ij uslfrbi^ 4; V-f 

Ar- p ' , :" 1 U cJU- (^liai- . N 
Lg_hj \j (j^jj Jjij llaju I . V 
UaJJA^. i^) J>ju ~jT 

W- 1 ^ 

lfc4~vL**>- jJ 1 . * . *1 £ I .0 

iJjir* °!/l 

. jj I j $y>r2 u l^»- c^o 1 g ' ■ j A-f 

-/3c0 /?60 a a: 

acO —asO 3 y 

IT = \—f 

60 c6 ° ° 


J/ 


y 

fx' + 1/ 


jlji 4 


x T Ju .j-‘ J* J ( -' 

J^jh J ^A Law ^ 4 j j j Ifc |^>- 4^15” . T 
ij\y i % j*-j>.j :> 4 



j 6 ° ° 

CwJ4j 4 —' ^ OLj^t {j[t \j £—» J^>- JJ>L (J*£> \ , f’“V 

A = \ra° ,<9 r = T0° 

• wJj^ \A — 

»^ J 4 £ja^u j L^_>- \ ^ — 

. e—• I y* &£-y+J*LA Y ° - 

. 1_J I y* A£-y&u* Y \ “ f 

rf-t 

uAy iy.r-^ 

o , i-\ = AtanT(—T r r, T rr ) £*,-\ = AtanV(—TV r , TYr) 


a i-\ — T\t 
d, = JTU + T r r f 


cii_\ — T\f 

^t = AtanT(—T u , T u ) 


A J~ai 

.Xjbij ^.4 (-^ju ~ ^ o0 ^ f?y — ° ^~D 


v(tf) = 


SrL r 

Crir + ir Lr 


{—L\ — L r Cr — LfCrr) 


-Vlt* vij ^ ‘l^A *“' 


V(<?) = 


UC r + Ly Lx 


(~L, - LrCr - LxCxx) 


A L^"0 


V = » \ 


• * 
0 rfr 
^ rf r 


r J~ T = 


\ |i T —L\C f — iv 


L\LrSx ° L\S r 


\o-A 





B v = [T/dT -V/A — NV/\ > / 'T N v<^ *] a 


T\ = - V S\l^ - \ ° lfS\ 

r r = — \ ° l x s\ r 


(<A + i| + £r)C\ 5\ ° 

J = (di + if + £r)>S\ — C\ ° 


— >5\ C\if?r 

C\ ■5\5'r 

C, 


—l\S\ — l\S\C\ —ljC\Sr 
J(0) — l\C\ -f -lrC\Cf — l\S\Si 


•<—*—»l Ck^“ <—jJ jjL *rfr — 0 


m m = 


U\S\ — <ffC* —5\ 

d\C\ — d^s^ c> 


jmr r -f- ^ : mh r 


jmr T + Y m ^ r 


f J-^ai 


4 C— b° V 

r-* 


T\ =(/«, + /j X r + lm r r x l x c x + m r ^ T + m v r{ + m x r x l x )0\ 

+ (wr^r/t + / iz t + + 0 T ) 

+ m x r x gc xx + m x r x gc^ + m x l x gc x 
Tr =(/ if r + m x l x r x c x + m T / T r r )6>, + (J« r + m x l x r x )9 x 
+ m x l^ x s x 9\ + m x r x gc u 



M{9) = 
VXM) = 
GW = 


r = M(0)0 + V(0, 0) + G(0) 

+ TOr(^\ + 


b-9 


m x l x 


-T(/\ + l x c x )m x l x s x 9\9 x 
(l\ 4- l x c x )m x l x S x 9\ 


m x gl x c x 


r, = -f" XTn x d x d x 9\ 4* ui x d x 9\ 

Tr = -m x d x 9\ 4- mrd T 

C-s».Q4> {*} * 


A-f 


«J \®-F 


Mx(J) = 


m, + 


liil 

d? 




Vir(M) = 



—m x 9ld x 


Gx{9) = [° °f 



o*r ji 


(,*ni^4< {r> v>fjL 4 » * i-j >r-“V- 


Afx(«) = 
v*(M) = 

Gx(9) = 
f>(M) = 


m r 


° ( m 'r7rnW + m '')J 

— m r l r $\si 

- { (I™'/, 1 e,V + mr + M' + Ter)]} <MfSr 


m r ^c t 


r W S, 

1 1 

V'gi 

Ui+!t ct J 


• OwiI ^“6 oJnI 4pi*D jl»A 


r = 


6 = 


ds 


= M(0)6+V{6,d) + G(6) 


\9-9 


jlji 6 




; M(9) = 

G(6) = 


m, + m r 


Az r 


VV l^T ifjjU J ijw^—4 «wL^4 *\A ^ _ V 

a. = -A; a\ = *; a r = \A/^f; Qr = — V/ff :jl JujL: J^L. V-V 

q, 1 ji .9 = AiA deg/sec r :Ju^ ,_^i f-V 

<j = °/TPA sec 

t, = T\/r sec 

(9 = AA(V - y/v) deg/ sec 

** = -w 



) 6 ° f 

C - w Od? ^ \~Y) jl {jij** Jjl *-* (Sl/i *"V 

(9. =6; (9 / =\<J; <9. = ■>; 0, = W,d; f, = ^ 

a. = A;a* = °; a T = ^ a r =-T /0 (\\-Vikl,jl) 

e. = 0 y = f»; 0. = \Y,fi; 0 y = •; t, = > 

a. = ><S; a v = >V/<S; a,= fy; a r = -rr,A (U-Viiijl) 

J-aj ^jyi (r-V) iLj[, ji \j £>b i»3V"lr^ V*'^“ cfLi (^ a-V) ilaij; jl A-Y 

= [\« r» r° • ■ r°f u-y 

N • ° (J 

« ‘/Y^Y - , / Y ° v -r» 

• */Y*Y »/ v ° v 

O 0 D ^ 

tj >Max -J— |0 y -0.|; Jj-\e,-9.\ \t-V 

. ™max V ^max 

(U-Y) ikl, jl olfcj L v-iW* j 

0(°)=)'; *(•) = •; 0(°)=U« W-Y 

0(\) = r»; 0(^) = °; <?(>)= — NA- 

0(f) = -U°; 0(T) = -T?*; 0(f) = — AY* M-V 




*(•) = '■; 0(*) = a ; *(•) = 

00)= r«; #0) = V; 6(\)= -\r 


n-Y 



jl ^ji <i 


fl(T) = -?•; 0(T) = -“TOD; 0(T) = T<>-Y 


A J^ai 


= 


u — l 

fow-n 


r-A 


= >/Atr N.m/rad f-A 
d = >/Tf f cm fl-A 
ktotai = tTo/W N.m/rad 9 -A 
/ = H A-A 
error =/?7 TO \°-A 
d, =|| rTqi — Pi || 'Y-A 

.Owl o jIjJL* \r-A 

.Owl L\ = Z r >f-A 

fc = 0/0 °p\ro N.m/rad \f-A 
77 =f W-A 
/ = P \ A-A 
/ = r ro-A 

i7*\ t ^ j jl U&o Jiji £‘j* <L^li d c Vr-A 


fc = 




’v/‘ i c"( r '“ r ')' + ' : [( ,r_# ') r '+ tf ' r d 


6 S - cos '(£) 


’ijl 


' J~*i 

x(t) = re' 4 - <r r ‘ r-A 
®(t) = f(\ -M)e-‘ r-A 
x(i) t= Te _u cos< + fe -T< sinf f-A 


» '=—i 





ar' + 0 (a = + \\ 0 = V6 X 

@D "1" k w € + kgC (e = @D — 0\ kg • 

r = ar' + 0 (q = V; 0 = £ 
t' = 9 d + k v e + k p e (e = 9 D 



/.??,? Y 9-\ 
•/TA/AY Y-S 



II 

Cl. 

; *„ = r 

K-\ 

W res = 

= nv,*f 

rad/sec 

\°-\ 


= r N/^r 

rad/sec 

\\-\ 


= \YA/AA 

rad/sec 

\1M 


= ?a, vp 

rad/sec 

\r-<\ 

^max 

= \,rav 

rad/sec 

\a-s 

w min 

it 

0 

•< 

rad/sec 




S° 

J^ai 




\-\» 

- sin#) 




kcL — 

\ o • i* — 

1 ? f^w — 

f \fkcL — 

TV^ 7 ) 




j - \r0 r + a) 

0; fc p = V; k v = TaA 7 ) 


_ V’mg COS fl 

fc p m/ 

U»i.j|jL. .6> = \A°° L 6» = 0 ^ 

\o-^o 


f = af + 0 (a=r;0 = bxx-\r) 

f = x D + k v e + k p e (e = x D - x ; fc p = V» ; fc„ = Tv^T 7 ) 





a = ax T i 



. /? = 6i T + csinx 

N Y-N *» 


< 

>— 

11 

-J£ 


md + 50 r + CO = m [d D + k v e + k p e} + sin 8 

\A-\° 


\ \ J~oj 

B f = [\,° ^ / Yr -r -f,X -X',\ - Nfl/Af 

T-N \ 

fl /=[A" A/U - TT/t -A/0 -^»/r] T 

£>-U 


jl jjIojL-c 

W-U 


U), = ■ 

OJ, = » 

A = 0 

.Jjb ^jSc^t Jjli oljj * L^l j tXl^A ‘J- 43 * £*jl 

,»ijb3 I iftLSwJloLijI L JjL t^JJ-3 £k*^ 







airay 

4J 

aimatuTe 


logic testing and branching 


trial and eTroT 

U** - j L>yJ 

automatic collision detection 

3 J (jjL j liwl 

current amplifier 

oky: si* crW 

inertia pendulum 

*XjJ 

inverted pendulum 


path update Tate 

L^Jtl 

sample rate 

JL'jJ 

servo rate 


end of arm tooling 

jjL j!>J 

lower pair 

(j—jil JLatl 

hard automation 


fixed automation 

L 1 

spline 


stator 


assembly straregy 

uy\z+«\ 

Coulomb friction 


viscous friction 


principle of virtual work 

cjjUw jlS* J-ol 

random disturbance 


control algorithm 


mechanical impedance 

^^|*l 1^*4 




ur jfcl. ir , J U*4liolj at" 

translation 

Jlfcl 

locomotion 


numerical integration 


offset 

J!>] 

eccentricity 

$j* ji 

link offset 

hi\j 

joint offset 


motor armature inductance 

jyy 

flexibility 


passive compliance 


remote center compliance 

J3* »L jl l S$J* 

force-sensing fingers 

sjl*t.^il 

four-bar linkage 


workstation 

lSjL $ .lSL-1 

efficiency 

Ojl 

mechanical manipulator 


cylindrical manipulator 


SCARA manipulator 

_p*L* 

articulated manipulator 

LJlA 

Cartesian manipulator 

y>L. crjyL 

micro manipulator 

t*— JL/ >.j) 

elbow manipulator 


redundant manipulator 

Julj (Jjjl 

anthropomorphic manipulator 

jLJ 4—J'^aL* 

redundant plane manipulator 

<3JU L <_jli»dL<s ^aL* cJjyl; 

spherical manipulator 

LS^S - 

jointed manipulator 


interval 


trivial 

crfe- 1 ; 

label 


self-collision 

*y l; >jys. 

free vector 




jli 4«Cijlj 

state vector 
line vector 

angular velocity vector 
actuator vector 
gravity vector 
joint vector 
position vector 
eigen vector 
resolver 

bottom-up programming 
off-line programming 
frequency 

damped natural frequency 

fixture 

gain 

control gain 

effective force feedback gain 
memory bit 
inertia ellipsoid 
computer vision 
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skew-symmetric 
Euler’s parameters 
fixed link parameters 
steady 
stable 

asymptotic stability 

potentiometer 

flag 

torque ripple 
post processor 
trailing superscript 
trailing subscript 
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feedback 
hysterisis 
deburring 
polymorphic 
graphic window 
work envelope 
band width 
face width 
ballbearing screw 
lead screw 
preload 

leading superscript 
leading subscript 
premultiply 
configuration 
singular configuration 
continuous 
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u-tyjjLr*, 

U-ifJijLT-X 


warp 

nominal function 
generalized energy function 
transcendental function 
smooth function 
delay 

inertia tensor 
transform 
automatic coercion 
similarity transform 
transformation 
velocity transformation 
force-moment transformation 
Laplace transform 
trajectory conversion 


wl- 

■ciL pj 

lull 
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JiV 

J;-V" 
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homogeneous transform 
integration 

error-propagation analysis 

Lyaponov’s stability analysis 

steady-state analysis 

circuit board 

transducer 

transpose 

synthesis 

hybrid 

conveyor belt 
resonance 

structural resonance 

unmodeled resonance 

error recovery 

automatic robot placement 

trajectory-following 

control law partitioning 

voltage divider 

kinematic emulation 

path-planning emulation 

repeatability 

playback 

singular 

regulation 

mass distribution 

description 

computer-aided manufacturing (CAM) 
path generator 
trajectory generation 
Cartesian tragectory generation 
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gravitational constant 
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motor torque constant 
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back emf constant 
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premution 

Ijm 

compensation 


wrist-partitioned 


overhead gantry crane 


inspection 

>" 

teach pendant 


bounding box 


antialiasing 

Lki- iUul jl 

closed form solution 

<C.,W lj|^> 

spot welding 


singular direction 

^r 

orientation 


worm gear 


spur gear 
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cross helical gear 


bevel gear 


cycle time 


aedit,compile,run# cycle a<ul 
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cubic polynomial 


planar polygon 


multi-input,multi-output (M1M0) 


frame 


tool frame 

jbi 1 

station frame 
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base frame 


sensor frame 
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local link frame 

-Mi 

constraint frame 

As* 

wrist frame 
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universal (world) frame 
task frame 
goal frame 
unit quaternion 

mass product of inertia 
z-buffer 
global memory 
state 

singular state 

workspace interior singularities 

workspace bounding singularities 

work volume 

hidden line elimination 

backface elimination 

Cartesian motion 

Cartesian straight line motion 

guarded move 

coordinated motion 

sensor 

vision sensor 
proprioceptive sensor 
wrist sensor 
joint position sensor 
light beam interrupt sensor 
context sensitivity 
position sensing 
force sensing 

off-line 

memory location 
line of action 
error checking 
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steady-state error 

LL cJU 
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servo error 

XT' 

linear 

lM- 

moving linearization 


local linearization 


deflection 


autonomous 


pixel 

ji y^i 

degree of freedom 


interpolation 
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universe coordinate system 


universal device 

tj a 1^-tw 3 

disturbance rejection 
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accuracy 

C-J3 

tachometer 


dynamics 


link 

Uj 

direct drive 

r ^'-— tPli 

closed form solution 
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algebraic solution 

“L 

geometric solution 


full rank 


tracking reference input 


iterative relations 

[Jjlfij Jajljo 

industrial Tobot 


gantry robot 

J^r’T ^.X> 

rotor 

JJU 

update 

^bu 

finite element method 


numerical solution 

CP-^ J* trJU 

heuristic method 
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Lyaponov’s second (direct) method 

cr'Xi 

joint space scheme 

<jLa* tJ-X) 

actuation scheme 


linear control method 


intuitive scheme of Cartesian control 


path control scheme 

js-~* 

computed torque method 


Lyapunov’s method 

lt'U 

Cartesian decoupling scheme 

(jjU Ji— * yijL, 

intuition 

CjLaj 

microprocessor 


micromanipulator 

jiJ 

repeated roots 

Uj LA' 

real and equal roots 

Lfjl —* j C 

real and unequal roots 

<J)\ — ‘li i <AA" 

complex roots 

hi* 

link twist 

-ki > lAt- 

joint angle 

<_Aaiu 

redundant 

JW Jj 

AL 

AL jlj 

robot programming language 


SIL 

SIL jLj 

explicit programming language 

p,y 

task-level programming language 


interactive language 

<_r—V*-* u4j 

specialized manipulation language 


multiprocessing language 


dual superscript 

u-iyy.j 

run time 

!yr 1 ok> 

automatic scheduling 
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multiply time 

v. j oki 

correlation time 

jLj 





open kinematic chain 


roller chain 

J~yj 

Euler angles 

A>l 

Z-Y-X Euler angles 

Z-Y-X Jij 1 liUjy 

Z-Y-Z Euler angles 

Z-Y-Z jJLjl ^Lljj 

X-Y-Z fixed angles 

X-Y-Z C-jt 

roll, pitch, yaw 

‘Jbo 

subroutine 


subspace 

l ~=VJ 

underdamped state 


Jacobian 

ui/b 

inverse Jacobian 

jjub L»i^b 


dynamicdlly simple 
kinematically simple 
structure 

closed loop structure 

orienting structure 

positioning structure 

redundant and closed chain structure 

Goraud shading 

orthonormal columns 

stiffness 

torsional stiffness 
closed loop stiffness 
effective stiffness 
rotational speed 
force-controlling servo 
surface 

generalized surface 
constraint surface 
facet 
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pallet 

host platform 
workcell 

transmission system 

task level programming system (TLP) 

vision system 

second-OTder linear system 

error-driven servo 

direct time servo 

discrete time simulation system 

reduction system 

control system 

multi-input,multi-output control system 

position control system 

closed loop system 

aliased signed 

pneumatic cylinder 

hydraulic cylinder 

kinematics 

forward kinematics, direct kinematics 
inverse kinematics 
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structural length index 
quasi-static 
anthropomorphic 
simulation 

multiprocess simulation 
off-line simulation 
dynamic simulation 
angular acceleration 
initial conditions 
up-down counter 
argument 
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servo valve 
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jjL jLii Sjg-i 

keyboard 

jjs 

quadratic form 


closed loop stiffness 


computer-aided design (CAD) 


path planner 


collision-free path planning 
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link length 

MJ> 

load capacity 


lens 

cr* 1 ^ 

overload protection 

JLa- jl (ji-j jL Jjlju jJ Jail*- j~ic 

performance 

j^5JLc 

operator 


high-level operations 

"iL oLUi^ 

debugger 

jS i*u 

nonautonomous 
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decoupled 


background process 


Lagrangian dynamic formulation 


Rodrique’s formula 


Cayley’s formula for orthonormal matrices 

x.1*^* tsj^ 

Grubler’s formula 


effective recursive formula 


extreme 


interface 
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world interface 
configuration space 
error space 
Cartesian space 
null space 
operational space 
actuator space 
workspace 
reachable workspace 
rigid workspace 
dextrous workspace 
joint space 
task-oriented space 
over damped state 
low pass filter 
noncausal filter 
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Lkj- at 
Jij\Ss tfL -ai 

Jx _ o at 

^LJLc ijLai 
tfjljuj f\S uLai 

tJjl S (^Lai 
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^aL» (Jj\S 

<jLei 

cjbllpj 
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closed form solvable 
chain rule 
l’Hopital’s rule 
control law 
PID control law 
error-driven control law 
position control law 
force control law 
angle set convention 
servo portion 
model-based portion 
Euler’s theorem on rotation 
parallel axis theorem 
pole 

dominant pole 
diagonal 
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i Sj^yj t-Jwl* 
Jtjjj* SJwli 
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PID JjzS jjlli 
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J_^S jjlli 
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i_JLc <_-Jai 



j AfT 


light pen {jjy 

natural constraint V 

artificial constraint JJ 

position constraint .Li 

force constraint J b i 


actuator 
vane actuator 
joint actuator 
subtask 
virtual work 
workcell calibration 
digital computer 
robot library 

incremental rotary optical encoder 

bounded 

strain gauge 

direction cosines 

limit switch 

feed forward control 

hybrid control 

hybrid position-force control 

adaptive control 

trajectory-following control 

linear control 

linearizing control 

linearizing and decoupling control 

digital control 

discrete time control 

numerical control (NC) 

nonlinear control 

decoupled control 

hybrid position-force controller 
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ajUvtS' 
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Ju. \S 
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transpose Jacobian controller 
inverse Jacobian controller 
robust controller 
force monitor 
Cartesian-based control 
joint-based control 
independent joint control 
position control 
force control 
active force control 
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S- 0 ** Ji J 
Ji—• J-ai- J J^S 
jis- Jp* 

Ac' 


shaded graphics 

bXh bhj 4jL* 

actuator torque 

j \ jj \j \S j j \z-l£ 

joint torque 

n a * jjLS 

gripper 

bj 

Lagrangian 


keyword 

ij jJU c-*J 

backlash 

Ji 

clearance 

(oULklji) Ji 

crank 

Jj 

moment of ineTtia 


pricipal moment of inertia 

J~° 1 

mass moment of inertia 


effective inertia 

jy 


skew symmetric matrix 
mass matrix 
Cartesian mass matrix 
rotation matrix 
angular velocity matrix 
tridiagonal matrix 
identity matrix 


^liZ-4 jL 

irij'*'* 

fSr 


fs r 


ulo* 


j—/ 
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proper orthonormal matrix 

jlJ Atf 

jt i»* 

unity matrix 


affixment 


character string 


joint variable 

L )-*** 

end effector 


length sum 


wrist 

r 

three roll wrist 

QjiJ Aw £<• 

outward iterations 

tyXr 1 . 

inward iterations 

fjjj* oLwL»v* 

iterative Newton-Euler dynamic formulation 

( jj\j& oLwUv* 

outward computation 


inward computation 


instantaneous axis of rotation 

oly- 1 jy w 

equivalent angle-axis 

Jilw 5^1} 3 jyiA 

principal axes 


joint axes 


programming environment 

{Jj 

generalized coordinates 

<Cj L iZj 1 

open loop 

jL j],x# 

closed loop 

Am »l>> J Ijbt 

world model 

J -* 4 

world modeling 


3-D modeling 


wireframe model 

Jjw 

null model 

y~o Jj-* 

perfect model 

J 4 ^ Jx» 

CAD model 

CADJx. 

gravity model 


lumped model 

J 1 ^ 4 

inverse model 

dilb J - 14 

modulus of elasticity 

o-l—^ Jj-^ 4 


A T A jU 


shear modulus of elasticity 

y. Jj-U 

sequencer 


center of mass 


mechanical advantage 


uncoupled 

(tjutlju*- . 41 ,..; ) JjC_. 

decouple 

jJjS’Ji — t 

path 


trajectory 

r- — 

time-optimal path 

<yki js-— 4 

cubic spline trajectory 

fj~ J-. —* 

parabolic blend 

cJr-fr ~ * —* 

collision-free path 


numerical differentiation 


Euler’s equation 

jhj 1 

recursive Newton - Euler equation 

A *l -cP.A 

transform equation 

JiJy 

undefined equation 

* a. jmi aIjLu 

configuration space equation 

(JXjjSw (_fLai UjLu 

state space equation 

cJU- - ■-* aI^Lu 

characteristic equation 

4 iJiLu 

parametric equation 

aI^Lu 

Newton’s equation 

aJ^Ll4 

maniputability measure 

Cylf* jLfc* 

positive definite 


joint 

J-al4 

ball and socket 


prismatic joint 


revolute joint 


eigenvalue 

•j i3J^ 

scaling 


partially constrained 


position 

jlSL* 

Stewart’s mechanism 

C~tj \jLwf 





servo-controlled mechanism 
well-conditioned 
parallelism in programming 
limit stops 
menu 

brushless motor 

stepper motor 

direct current torque motor 

on-line mode 

background mode 

mouse 

path generator 
assembly 

automated assembly 

component 

damper 

critical damping 
effective damping 
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Jr* 
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-4r* 

jtj* 
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tjilr* 

Cfibr* 


unstable 

jL ,1b 

nonsingular 


nonproper 


time-invariant 

okl 

gear ratio 

cJj-Xi- • j>- Cv-w 

damping ratio 

OlLsr 4 Cw—i 

event monitoring 

lft. 3 ljj.jj kJjliaj 

via points 

iLflj 

pseudo via points 


singularities 


computed points 


path points 


conveyor 


taught point 
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set-point 

4^ li 

fixed point 


floating point 

*■ 

operating point 

iiaJLi 

through point 

jJkf iLil 

wrist point 

iilii 

feature point 

A. sn-m iLV. 

mapping 


notation 

(jjj 1 

Denavit-HartenbeTg notation 


faceted representation 

^kw djwwj jjajUi 

analytic representation 


shaded surface display 

fi Aw OJ4 jIw ^ia-w 

wireframe rendering 

.1 

data types 


geometric types 

cr--^ Uf* 

noise 

y.y 

linear actuator force 

jUI/IS" Cfiei 

joint actuator force 

j\S,\j\S 

Coriolis force 

CrAjUJ^ 

centrifugal force 


semiconductor 

UL^J 

semidefinite 


model-based 

Jx» 4; 4l—Jj 

inverse 

oa/I) 

invertible 


bounded-input, bounded-output 


active positioning device 

JIa> dJww^ 

text editors 

(_SjLwy 


co-located 

smooth 


d^“» (•* 

j\_r* 



artificial intelligence 


OTA 

&■*•** cA* 


single-input, single-output (SISO) 
unit 

orthonormal 

isotropic 


jt.Ui.lSL. 

AjA 
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accuracy 

active force control 
active positioning device 
actuation scheme 
actuator 
actuator space 
actuator torque 
actuator vector 
adaptive control 
AL 

algebraic solution 

aliased signal 

analytic representation 

angle set convention 

angular acceleration 

angular velocity matrix 

angular velocity vector 

anthropomorphic manipulator 

antialiasing 

argument 

armature 

arm signatures style 
array 

articulated manipulator 
artificial constraint 
artificial intelligence 
assembly strategy 
asymptotic stability 


CSJL^ 

JUi £ * * ,'*,* i C - —t i 

Jills' 
OD!-^ Lf LS" (jLai 

J I Ju 1^1 \S j J 

AL 

*ijb 

L-jb-w 
(J-i 
j~* j 

(jLwl ^aL* (_g ^ jl> 
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automated assembly 
automatic coercion 
automatic collision detection 
automatic robot placement 
autonomous 


Ly I J Ly» 


jL-i; JiV 

— L *y I L^J b-j f 

•—^— Ly I j_jb^ ^ JU C£^ CjZZ** 


back emf constant 

back face elimination 

background mode 

backlash 

ball and socket 

ballbearing screw 

band width 

base frame 

bevel geaT 

bounded 

bounded-input, bounded-output 
bounding box 
brushless motor 


XXs iSXx? 
b ^yb 

-Cr*; iy 

J 'l* CS^-fc 

j\x\J 

yiy -^!/ 

j\X\jS 4*JU»- 

^ju^- ojA jyy 


CAD model 

Cartesian-based control 

Cartesian decoupling scheme 

Cartesian manipulator 

Cartesian mass matrix 

Cartesian motion 

Cartesian space 

Cartesian straight line motion 

Cartesian trajectory generation 

Cayley’s formula for orthonormal matrices 

center of mass 

centrifugal force 

chain rule 

characteristic equation 
character string 
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iSb t -1 1. /3. ^ i jJ , 

<_*v ^ i^jLv 

fy Lr-tJ^ 
<Jj^> ^y 
csLai 
\j cxSj=- 


tjj^ -^ c 
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Ik 


jJj 


fy $j* 
^yjhiJiSXr? 

Li 



ava ^jH _ .j & i oUijij 

circuit board 
clearance 

closed form solvable 

closed loop 

closed loop stiffness 

closed loop system 

collision-free path 

collision-free path planning 

co-located 

compensation 

complex roots 

component 

computed points 

computed torque method 

computer-aided design (CAD) 

computer-aided manufacturing (CAM) 

computer vision 

configuration 

configuration space 

configuration space equation 

constraint frame 

constraint surface 

context sensitivity 

continuous 

control algorithm 

control gain 

control law 

control law partitioning 
control system 
conveyor 
conveyor belt 
coordinated motion 
Coriolis force 
correlation time 
Coulomb friction 
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'Ji u~* J J 


JjxS l)j\i 

dli 
aJUL 4—: 


crank 

critical damping 
cross helical gear 
cubic polynomial 
cubic spline trajectory 
current amplifier 
cycle time 

cylindrical manipulator 


ijti - ^ dr t 

Jd 

islr~. lAk* 

J,Lj 


damped natural frequency 

damper 

damping ratio 

data types 

debugger 

deburring 

decouple 

decoupled 

deflection 

degree of freedom 

delay 

Denavit-Hartenberg notation 
description 
dextrous workspace 
diagonal 

digital computer 
digital control 
direct current torque motor 
direct drive 
direct kinematics 
direction cosines 
direct time servo 
discrete time control 
discrete time simulation 
disturbance rejection 
dominant pole 
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dual superscript 
dynamically simple 
dynamics 

dynamic simulation 
eccentricity 


u-tjj.j 

ILi 3 > 

t_£w*h«o 
(_j>J L«^4 . . 

ij jy>h 


eccentricity 

“edit, compile, run” cycle 

effective damping 

effective force feedback gain 

effective inertia 

effective stiffness 

efficiency 

eigenvalue 

eigenvector 

elbow manipulator 

end effector 

end of arm tooling 

equivalent angle-axis 

error checking 

error-driven control law 

error-driven servo 

error propagation analysis 

error recovery 

error space 

Euler angles 

Euler’s equation 

Euler’s formula 

Euler’s parameters 

Euler’s theorem on rotation 

event monitoring 

explicit programming language 

extreme 
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jI/J 

JjIju \i\j 
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jXjl 
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jXjl * 
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p/ - Ai 






^jli . 

faceted representation 


face width 

Ljj 

feature point 


feedback 


feedforward control 

J 

finite element method 


fixed automation 

OvJ L \>Ay 1 

fixed link parameters 

J a*\j 

fixed point 

C-j l> *>/~a fl ■ 

fixture 


flag 

^jt J* 

floating point 

aVi Ai 

force constraint 

LftJLr? 

force control 

J Jj^ 

force control law 


force-controlling servo 

)ji J iSir" 

force-moment transformation 

jjL iS-xtf Lf^ Ji-V" 

force monitor 

^ y— 6 ■» - - l jj--—f 

force sensing 

JOr* cr-^ 

force-sensing fingers 

^ y~l jl m^lj 

forward kinematics 

^ C - . . . j! l . > | ■ f 

frame 


free vector 


frequency 

JL»1■■ -' 

full rank 


gain 


gantry robot 

ujU oLi, 

gear ratio 

J>- Cv—i 

generalized coordinates 

4ij L oL^u 

generalized energy function 

1 ij 

generalized surface 


geometric solution 


geometric types 


goal frame 

■-i-XA 
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Goraud shading 
graphic window 
gravitational constant 
gravity model 
gravity vector 
gripper 

Grubler’s formula 
guarded move 


Xi. 

ajILL-w c*£ 


hard automation 

jt _x>Li>llriJ ^j^i» </L«J 

heuristic method 

ur'U 

hidden line elimination 


high-level operations 


homogeneous transform 

Cr^ Jd-V 

host platform 


hybrid 


hybrid control 


hybrid position-force control 


hybrid position-force controller 


hydraulic cylinder 


hysterisis 

Jjl* ml 


identity matrix 
independent joint control 
industrial robot 
inertia ellipsoid 
inertia pendulum 
inertia tensor 
initial conditions 
inspec tion 

instantaneous axis of rotation 

interactive language 

integration 

interface 

interpolation 


Jl:—* 

I j 

jy ~-'t 
aJj! Jajl^w 


jy~ 


(ilJjl a.L_j) iSjJ. 
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interval 

- (j-jiCil otiplj or 9 

ojL 

intuition 


intuitive sheme of Cartesian control 


inverse 

iaA 

inverse Jacobian 


inverse Jacobian controller 

0X>[) 

inverse kinematics 


inverse model 

jjLflj lU* 

inverted pendulum 


inward computation 

^ ) .J A 3 L U*— * 

invertible 


isotropic 


iterative Newton-Euler dynamic formulation 

iterative relations 


Jacobian 


joint 

J-ai. 

joint actuator 


joint actuator force 

jlXl^lS - 1 sxr> 

joint angle 

IjLaL. ijjl; 

joint axes 

tfU ,jy w 

joint-based control 

Ji J~* J. 

jointed manipulator 

ykL (Jjyb 

joint offset 
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